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INTRODUCTION 


“ Science is not solely for the men of science but for the people.” 
— T. H. HUXLEY 

If the phrase, “ A self-respecting course in physics or chem- 
istry,” means one adapted only to the few, the courses herein de- 
scribed are not intended to come in that category. We believe 
that physical science should be so taught in the high school that 
all pupils can pursue it with pleasure and profit. . It should be 
something more than measurement and something more than 
mathematics, pure and applied. 

Those who would prescribe work in science for the high 
school must have just as thorough knowledge of the pupils as 
they have of the science. 


1 Chemistry and physics are taught to a considerable extent in the 
Elementary Department of the Horace Mann School. The topics are scattered 
through the courses in Nature Study and Geography. For the details of the 
course in Nature Study see Vol. I. No. 2 of TEACHERS COLLEGE RECORD, pub- 
lished in March, 1900; and for the course in Geography see Vol. II. No. 2 of 
the REcoRD, published in March, 1901. The present number of the Recorp 
deals only with courses in Chemistry and Physics in the High School, with the 
exceptions mentioned on pp. 43-50. 
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In certain quarters physical science is suffering most at the 
hands of its friends. Persons devoted more to the science of the 
subject than the science of the pupil are pursuing a method of 
work which repels the pupils and dissatisfies the parents. Pupils 
at the age of fourteen or fifteen come to the study of chemistry 
and physics with enthusiasm, if they can find some one willing 
to teach them what they want to know in order to live contentedly 
in a world that is bristling with physical phenomena. Too often 
high-school pupils are put off until the latter years of the high- 
school course; and then the teachers, fearful lest their work may 
be stigmatized as unscientific or superficial, dare not give them 
more than the grammar of the subject. What excuse is there 
for the idea that nothing must be taught unless it can be taught 
thoroughly, or, for that matter, unless it can be taught correctly! 
Those who do not know that their facts are subject to revision 
are unsafe teachers and certainly are not to be classed among 
the scientists. Meanwhile the teachers of other departments 
have, with more of the spirit of missionaries and with more of 
the wisdom of educators, innoculated these pupils and absorbed 
their interests until they have become insistent upon lines of 
study and habits of thought quite remote from those of physical 
science. It thus happens that although physical science is very 
much in the ascendency in the world it is still very much neg- 
lected in many of the schools. 

The apathy for all branches of science among pupils even 
of the high-school age is a real thing, but a thing for which 
parents and teachers are to blame. It is displaced by enthusi- 
asm in the case of pupils who are introduced early to laboratories. 

The principal thought in the minds of those who have 
planned the courses in chemistry and physics for the Horace 
Mann High School has been to provide work in these subjects 
suited to the need of the average pupils, boys and girls, with- 
out special requirements of previous training either in mathe- 
matics or other sciences, and as early in the high-school course 
as possible. In point of fact, chemistry is taught in the first 
year and physics in the second year of the high-school course. 
The question will naturally arise, Do these courses fit for col- 
lege? The answer is that more than 80 per cent of the pupils 
of the Horace Mann High School do fit for college, and a 
good portion of them offer chemistry and physics for entrance 
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examinations. During the thirteen years that these courses 
have been in operation a large number of boys and girls have 
passed from them into all the leading colleges in the East. How- 
ever, we believe these courses aim at something more than fitting 
for college. They are planned to meet the needs of those boys 
and girls who are inquiring into the phenomena of the physical 
world about them. 

The undercurrent of our thoughts while planning and exe- 
cuting these courses is indicated by the following phrases con- 
tributed to this paper by the workers in the department in re- 
sponse to my request for a statement of what seemed to them 
to be our guiding thoughts. (It is of course understood that 
we claim no monopoly, but are laboring in common with many 
other departments toward the same end or ends) : 


“ Awaken interest in natural phenomena — the significance 
and importance of such phenomena, and the explanation of those 
which are most familiar.” 

“ Satisfy the love of the novel and wonderful.” 

“Observe and think about what one observes — the class- 
room exercise being a small part of the process.” 

“Organize every-day observations— Associate facts — 
Light up one fact by another.” 

“Observe facts—compare with other facts — recognize 
laws which govern them — Formation of scientific habit of 
thought.” 

“Develop the powers of induction and deduction.” 

“Think logically and draw correct conclusions — form ac- 
curate judgments — Ability to weigh evidence.” 

“ Ability to distinguish between the true and the false — 
Create a desire for the truth — Conservatism — Open-minded- 
ness — Distrust of imagination when untempered by reason.” 

“Interpretation of Nature — We are limited on all sides by 
physical laws. We need to understand them so that we may 
not undertake physical impossibilities. We make unreasonable 
demands — We make ourselves and others unhappy by not know- 
ing and not yielding to the inevitable— The reign of natural 
law.” 

“ Ability to act on contingencies — Training in prudence and 
foresight.” 
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“ Executive ability — Self-confidence — Dexterity.” 

“ Skillful manipulation a mental training.” 

“ Concentration — Accuracy — Patience — Carefulness — 
Neatness.”’ 

“ Constructive imagination.” 

“Stimulate, by laboratory work, powers of imagination and 
invention.” 

“ Draw the attention away from the abstract to the practical.” 

“ Applied mathematics — Contact with machines — Common 
sense.” 

“ Fit for life — Open a field in the economic world — Knowl- 
edge of physical science in every profession and business. Adop- 
tion of scientific method in everything.” 

“Clearness of thought and expression — Use of exact and 
terse English.” 

“ Furnish a fund of valuable information.” 

“ Broadening one’s views of life.” 

“ Aid in general culture.” 

“ Physical science lends itself readily as an instrument for 
illustrating the best pedagogical principles.” 


The above list is submitted not as a record of work done, but 
as the object of our desires. 


Our REASONS FOR PUTTING CHEMISTRY BEFORE PuHysics. — 
During the first few months of high-school work in science 
special attention should be given to training pupils in good 
laboratory habits, and pupils in the early part of the high-school 
course are at the right age — about thirteen to fifteen years — 
to begin to learn the mechanical side of laboratory work. For this 
purpose I prefer chemistry in the first year, followed by physics 
in the second year. It is possible to put nearly all of the chem- 
ical apparatus in the hands of each pupil. Test tubes, beakers, 
and flasks constitute most of this equipment, and need not cost 
more than two or three dollars per pupil. This is not true of 
physics. No one expects to have physical apparatus enough to 
supply each member of his class with every piece, and hence 
the pupil in physical laboratory work must be a little more 
capable of self-direction on that account. The mechanical part 
of laboratory work in chemistry may, and I believe it should 
be, made simpler than that of physics. When the experiments are 
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going badly in the laboratory, as they frequently will with begin- 
ners, the teacher performs an experiment in the presence of the 
class, discussing the difficulties as he proceeds, and when he has 
finished has them all try the same experiment. In this manner 
he trains the pupils to do things as they ought to be done and 
to see things as they are. We teach them to bend a delivery tube 
that approaches pretty closely to some model taken as a standard. 
We train them to transfer powders to test tubes without getting 
any upon the tables, or even upon the sides of tubes; to invert 
a bottle of water for catching gases without admitting any air; 
to heat test tubes and flasks without breaking them; to use acids 
without spotting the tables or the clothing or the labels upon the 
bottles; to generate chlorine, hydrogen sulphide, etc., without 
contaminating the air of the room. If they are not so trained 
when they are quite young they are hopeless. The college pro- 
fessor who gets hold of a lot of careless students finds that he 
is quite helpless. He can do very little toward reforming their 
laboratory habits. Indeed, while the first high-school class will 
submit very willingly to this training in painstaking, careful hab- 
its, the third and fourth year pupils are already getting beyond 
that stage. 

2. We put chemistry before physics, not only because it 
enables us better to introduce young people to laboratory methods 
so far as the mechanics of these go, but also because it may, and 
we believe it should, be treated as a simpler subject than physics 
with reference to training in thought power. The high-school 
text-books in chemistry are simpler than those in physics. It is 
true that portions of both subjects are not understood by the 
pupils. Most of the portions of chemistry, however, which the 
first-year high-school pupils do not comprehend will not be com- 
prehended by the fourth-year high-school pupils either, and these 
portions may very properly be left for the college course. Chem- 
ical theory has very little place in the high school in whatever 
year the subject is taught. We treat the subjects so that com- 
bustion in chemistry is simpler than heat in physics ; the chemistry 
of water simpler than the mechanics of fluids; the chemical con- 
duct of chlorine, sulphur, nitrogen, carbon, etc., simpler subjects 
of study than electricity and sound. I find that chemistry lends 
itself very readily to the training of young pupils of thirteen or 
fourteen years of age, not only in the mechanics of the laboratory, 
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but also in the more important process of making experiments 
lead to orderly thought. Pupils of that age can be readily taught 
all the chemistry necessary to fit for college, so that we are not 
hampered by that consideration. The work is certainly no more 
difficult than the algebra which they are taking the same year. 
3. The books that we wish the pupils to read in connection 
with their work in physics all come under the head of applied 
science. Such books invariably have the subject matter of chem- 
istry and physics commingled. A sufficient number of them are 
well adapted to the attainments of our second-year high-school 
pupils. They would have little connection with a course in chem- 
istry, but they are an important part of a course in physics for 
those who have had an elementary course in chemistry. 
SCIENTIFIC OBSERVING. — The great aim of science teach- 
ing is to accustom the mind to logical arrangement ; to make one 
thought grow out of another; to so arrange things that one phe- 
nomenon shall appear in its relation to another; so that one fact 
may throw light upon another ; to organize our every-day observa- 
tions. A person thinking much on some question, the answer for 
which he expects to find in nature, is liable to see things which 
cast light upon his problem, while at the same time he may 
be very unobserving of those things which do not help toward 
the answer of his question. This is scientific observation. Chil- 
dren are natural observers. They only need to be taught to 
select for a definite purpose, and to connect one observed fact with 
another. This, I imagine, is what Professor Huxley meant when 
he said, “ Science is merely organized common sense.” The num- 
ber of observations which a person may make in a given time is 
often inversely proportional to the amount of thinking he does. 
A child and his father go to walk. By the roadside they both 
notice some object as they pass along. The father, having had 
a wider experience, finds something in this object which starts 
a train of thought. The child, not being so occupied, sees numer- 
ous other objects which the father fails altogether to notice, or, 
if he does notice them, they flit across his mind without making 
any impression ; but presently an object attracts his attention, and 
because it is related to the first it attracts his attention more 
than it does that of the child. The number of objects seen by 
the child during that walk may be vastly more than the number 
seen by the father, but the father has seen related things; he has 
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seen to some purpose; he, of the two, is the scientific observer ; 
yet, if some one asks whether they passed a certain gate, the 
boy will be likely to be the only one who can answer. Now, no 
teaching can enable the boy to see more things, but training 
may enable him to think more about what he sees. Some one 
has said that a good memory requires a judicious forgetfulness ; 
so scientific observation requires that the mind shall not be dis- 
tracted by observing a multitude of unrelated things. 

CHEMISTRY AND Puysics AS A Key TO THE WORLD OF 
ScIENCE. — Elementary chemistry and physics furnish simple 
inductions. We may select our facts in physical science and 
arrange them so as to make the conclusions to be drawn from 
them as simple as we choose. Nature performs many physical 
experiments in a large way —too large for the youthful mind 
tc encompass. We may perform in the laboratory experiments 
which represent the large phenomenon piecemeal, and thus build 
up the conception of the whole, and at the same time develop 
the constructive imagination which is needed to grasp the proc- 
esses of nature. Often we may devise for the laboratory a 
miniature representation of the larger phenomenon of nature 
which shall be quite a perfect analogy. This not only shows the 
possibilities of laboratory work in chemistry and physics, but I 
believe it indicates in a general way a very important aim to be 
kept in view, viz., to select as far as possible such work as should 
prepare the way for the contact with physical science in life 
and particularly with such matters as city water and gas works, 
heating and ventilation of buildings, the uses of steam, electricity, 
etc. See Excursions, pp. 43-50. 

As a result of these courses and those in Manual Training, 
to which they are closely allied in spirit, pupils become more 
self-dependent in mechanical matters and save themselves and 
others much loss and annoyance. Their parents testify that 
whereas it used to be necessary to send often for an electrician 
to adjust the electric bells about the house, their children have 
now learned the few simple things necessary to be done to keep 
them in good order. They put new washers upon leaking water 
faucets. They replace nuts which have come off the handles of 
bureau drawers, and screws that have fallen out of the door 
knobs. They read the water meter and the gas meter. They 
understand the mechanism of the furnace and their special instruc- 














8 Teachers College Record [54 


tion about what to do in case of fire has resulted in the prompt 
extinguishing of several fires in the homes that gave promise 
of being very disastrous. They are more generally useful than 
formerly and some new interests have been added to their lives. 
If they grow up to be masters, they will more wisely direct their 
servants because of their better understanding of these practical 
matters and will probably have fewer “servant problems” on 
that account. 

If the high-school instructor in chemistry and physics would 
perfect himself he must take in addition to ample courses in pure 
science, as many courses as possible in applied science and come 
much in contact with the business life of the world. 

THe RELATION OF HiGH-ScHooL Work To COLLEGE Work. 
— While we regard the high-school work in chemistry and phys- 
ics an almost essential preparation for the general courses in 
chemistry and physics in college, they are not planned to com- 
plete any portion of the subject so as to make college work in 
that portion unnecessary. So far from the high-school work ia 
chemistry and physics taking the interest out of the college work, 
it increases it fourfold, and, so far from its creating in the student 
bad habits either of doing or thinking, which will require to be 
corrected in college, it begets habits essential to good work in 
college; and if the pupils fail to receive this training in the high 
school it is very difficult for the college instructor to accomplisa 
wholly satisfactory results with them. 

There is no objection to giving high-school pupils a genera! 
view of chemistry and physics even if they are going over the 
same ground again in college. On the contrary it is in every 
way advantageous so to do. All the great principles of chemistry 
and physics have entered the mind of the race in that way. “Con- 
temporaries were at first little impressed with the truth, self- 
evident though it may now appear to all men.” It had to be 
repeated and sometimes rediscovered. 

CoRRELATION WITH OTHER SuBjyects. — We expand quite 
fully those topics which appeal most to the pupils. Such topics 
are wrought out to the fullest extent in their application to 
physical geography, meteorology, astronomy, biology, physiology, 
cooking, the phenomena of the kitchen, the factory, the shop, the 
farm, etc. This is not intended to interfere with the more ex- 
tended study of physical geography, physiology, cooking, etc.. 
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afterwards. It gives the best possible introduction to them, and 
at the same time makes the chemistry and physics mean much 
more than they otherwise would. These subjects are too often 
treated like a course in grammar. Too much attention is given 
to learning the definitions of things not immediately useful. 

RELATION OF LABORATORY, RECITATION, AND LecTuRE. — As 
a rule laboratory work goes hand in hand with lectures and reci- 
tation work, otherwise neither could be brought to fruition. 
Laboratory work is too often merely mechanical. Students may 
become adept at working with instruments of precision without 
gaining any outlook upon physics, without acquiring any habits 
of induction, or the faculty of seeing relations. I take it that 
the training of the constructive imagination is equally important 
with training in accuracy. Our idea of the relation of laboratory, 
text-book work, and lecture I have stated in New York Regents’ 
Bulletin No. 42, published in 1897, and quote it here: 

“Tue Laporatory. — The chief purpose of the laboratory, 
in the high schools at least, is not for the exercise of the inductive 
method. Fascinating and fruitful as that method is in the hands 
of a few ripe scholars, it is often a snare and a delusion in the 
hands of the young or of the untrained adult. With great care 
pupils should be trained in the process of induction for its own 
sake, but not with the idea that that is the method by which they 
are to be taught any considerable portion of science. There is 
small chance for induction in the teaching of high-school chem- 
istry or physics. Mechanics and light furnish the best oppor- 
tunity for the use of that method. The chief purpose of the 
school laboratory should be to make knowledge real. Merely to 
see a piece of apparatus aids immensely one’s appreciation of the 
physical principle which the apparatus illustrates, but when one 
manipulates the apparatus himself he acquires a knowledge of 
physical science which he can in no other way attain. In order 
that a laboratory exercise may be productive of good, two things 
must be looked out for; first, the pupil’s mind must be carefully 
prepared for it beforehand. Nothing is more common than to 
find pupils going through their laboratory exercise in a mechan- 
ical way without acquiring much knowledge of the physical prin- 
ciples involved; and second, the pupil’s mind must be guided to 
some definite end. This in most cases can be done by quizzes 
following more or less closely the laboratory exercises; but fre- 
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quently, to prevent desultory and aimless work, it is necessary 
to conduct quizzes either of individuals or of the whole class 
during the laboratory exercises. High-school pupils cannot with 
profit be left much to themselves in laboratory work. They need 
very specific written or printed directions. They must also have 
a discreet teacher, who will keep very busy supervising the work 
of each pupil while in the laboratory. 

“Laboratory work is so apt to be a blind following of direc- 
tions without much thought upon the relation of the work, that 
we find it necessary to sprinkle among written directions a great 
many queries and problems intended to lead the pupil out from 
the observation upon the individual experiment in hand to kin- 
dred observation in other experiments or in nature, that he may 
acquire the habit of looking for relationships and of making 
broader generalizations. 

“ Laboratory work requires as good solid thought as does a 
recitation; indeed, there must be considerable of the recitation 
feature about it. To accomplish this the division must not num- 
ber more than twenty-five, and the instructor must have an as- 
sistant capable of helping in his work of going about among 
the pupils while at their work, and giving the right kind of guid- 
ance and of asking the right kind of questions. This assistant 
is also assigned the large and important task of examining crit- 
ically the pupils’ laboratory note-books, and discusssing with 
each pupil such matters as need correction. 

“Tue TExtT-Boox. — The earlier text-books were faulty in 
that they covered too wide a range of subjects and dealt too much 
with paradoxes. They seemed in many cases to be a deliberate 
attempt to make things seem unnatural and unreal. There was 
the hydrostatic paradox and the culinary paradox, the Cartesian 
diver or bottle imp, the ‘ fountain in vacuo,’ the ‘ Hero’s fountain,’ 
the ‘ Bacchus illustration,’ the ‘bolt head,’ etc. These were the 
topics around which the instruction centered, and these formed 
the items of examination questions. The text-books to-day have 
discarded much of this material, but they have become extremely 
meagre and uninteresting. They still deal with too many prin- 
ciples, but treat them too meagerly. A principle is stated in a 
brief paragraph. This paragraph is followed by a description 
of a single experiment, and then another principle is served up. 
In many cases that which occupies half a page might better be 
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expanded to cover a dozen pages. Silvanus Thompson’s Ele- 
mentary Lessons in Electricity and Magnetism illustrates fairly 
well a good form of expansion of the text. But in addition to 
such matter as is to be found in this book, and perhaps with the 
elimination of some of it, 1 should recommend filling out the text- 
book with what might be called adipose tissue — the abundant 
illustration of each principle with well-told incidents in every- 
day life— something calculated to make the pupil see physics 
in the world around him. Such expansion of the text-book might 
make it necessary to have it bound in several volumes. The 
pupil has an armful of books for Greek or history or English; 
why not for physical science? It must be so if the latter is to 
take its place among the former as a disciplinary and a culture 
study. As in history or English so in physical science, there must 
be extensive use of the library. Topics should be assigned which 
require the student to consult books of reference, not merely for 
tables of boiling points, etc., but the reading of magazine articles, 
of encyclopedias, and of volumes like Faraday’s Chemical History 
of a Candle and Tyndall’s Forms of Water and Heat a Mode 
of Motion. 

“There should be beside text-books and books of reference a 
laboratory manual containing very specific directions for the work 
to be done in the laboratory, a great deal of information concern- 
ing apparatus and experiments, a great many queries, mathe- 
matical problems, and supplementary exercises, etc. This book 
should be well supplied with blank pages upon which the pupil 
may disclose the state of his own mind. 

“THe Lecture. —A strong feature of good instruction in 
physical science is the lecture. The teacher of physical science 
should aspire to some reputation as an interesting lecturer. He 
has the best possible subject with which to attract an audience; 
why should he neglect the opportunity to interest and instruct 
and inspire by this method? Let him not despise the giving of 
university extension lectures for the good it may do himself. If 
he has learned how to enjoy the study of physical science in 
the laboratory, in the library, and in nature, let him inspire his 
students by giving them through his illustrated lectures.a glimpse 
of his own broader view upon the subject. By lectures he can 
make physics and chemistry real, live subjects as nothing else 
can possibly do.” 
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There are certain chapters in physics which must be treated 
chiefly in lecture and recitation; the laboratory work plays only 
a small part. There are two means of adjusting in such cases; 
first, we use some of the laboratory period for extra lectures and 
recitations ; and second, we introduce some laboratory work which, 
although needful, may be irrelevant. This is the case in the early 
part of the course, where the laboratory work is upon the metric 
system and mensuration, while the lectures and recitations are 
dealing with properties of matter, gravitation, motion, etc. Dur- 
ing a portion of the study of heat and sound the time of lectures 
and recitations is increased at the expense of laboratory work. 
During a portion of the study of the dynamics of fluids and elec- 
tricity the laboratory work is increased at the expense of the 
lectures and recitations. 














SYLLABUS OF THE COURSE IN CHEMISTRY 


Time. — First year of the high-school course. Pupils about 
fourteen years of age. One year of thirty-two weeks. Two exer- 
cises of forty minutes each and one exercise of eighty-five minutes 
weekly, with two hours of home study, making four hours and 
forty-five minutes each week. One period of forty minutes is 
devoted to a lecture when all the divisions of the class meet 
together in the large lecture room. The period of eighty-five 
minutes is given to laboratory work and the remaining period of 
forty minutes is devoted to recitation, or, in some cases, to extra 
laboratory or lecture work as the subject may demand. 

THe CHEMICAL LazporaTory. — Each pupil has assigned to 
him in the laboratory a desk with a drawer or cupboard. Run- 
ning water and gas are at hand, a stone jar under the desk for 
such waste material as cannot be removed by the waste pipe. 
The sinks are of the ordinary household type of porcelain bowl. 
The tops of the tables are oak finished with wood filler and oil. 
The laboratory training is intended to teach the uses and limita- 
tions of waste pipes and the proper care of tables. Laboratory 
hoods are provided for such experiments as would vitiate the air 
of the room. Reagent bottles are not allowed to stand continually 
upon the laboratory tables. They are kept in a case, and are 
distributed about the tables upon asbestos mats for each exercise 
in which they are required. It is intended that the laboratory 
shall be as attractive as the library and its decorations will some 
day be as complete. 

When the pupil first reaches the laboratory he finds the ma- 
terial for most of his apparatus in his drawer and cupboard, with 
a printed list giving the name of each piece. This material is 
committed to his charge as specified on the bill. He may draw 
more from the stock room as he needs it, which will also be 
added to his account. There is a teacher’s desk at one side of 
the room, around which supplementary lectures are given and 
recitations are conducted. A working shelf runs along one side 
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of the room underneath the windows, where electric current is 
supplied and where the balances are placed when there are to 
be experiments in weighing. Cases are provided for reagents, 
chemicals, exhibition apparatus, books, etc. 

For text-books we use Remsen’s Elementary Course and 
Woodhull and Van Arsdale’s Laboratory Manual. Definitions 
and chemical principles are brought in rather incidentally but 
recurrently throughout the course whenever good illustrations 
arise to enforce them. 

In this manner the following matters are taught in gradual 
sequence of development, and after they have been once intro- 
duced they are taught repeatedly, so that they are not easily 
forgotten: chemical nomenclature ; symbols; formulas; reactions 
and equations; definite proportions; oxidizing and reducing 
agents; atoms and molecules; effects of light, heat, electricity, 
and solution upon chemical action; mechanical mixtures and 
chemical compounds (acids, bases, and salts); valence; the 
nascent state; indestructibility of matter; combining weights. 

OXYGEN AND THE Arr. — The first month is devoted to the 
study of oxygen. In this case, as frequently throughout the 
course, a lecture introduces the laboratory study of the subject, 
and other lectures follow the laboratory work. By the end of 
the month we expect the pupils to know that oxygen makes many 
things burn; things which burn in the air burn more readily in 
oxygen, but the result appears to be the same; some things which 
do not burn in air burn readily in oxygen; in the atmosphere 
oxygen is mixed with other gases; the air causes some metals 
to rust, this also is due to the presence of oxygen; methods of 
protecting iron from rusting; rusting and burning are similar 
processes, differing only in the rapidity of the chemical action; 
when metals rust there is an increase of material; about one- 
fifth of the air is oxygen; only this takes part in rusting and 
combustion; the products obtained by burning in air and in 
oxygen are the same. Kindling temperature. Miners’ safety 
lamp. Heat of combustion. Chemical energy. Oxides. Oxides 
in nature. Respiration. An oxide of carbon. Lime-water test. 
Ordinary combustion. Lamps. Furnaces. What to do in case 
of fire. Fire extinguishers. The Bunsen burner. Explosive 
mixtures. Several of these topics, notably, What to do in case of 
fire, are expanded into full lectures, and are intended to present 
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practical applications of the principles already studied. Certain 
portions of the text-book are assigned for first reading before 
those topics are treated in the laboratory, a second reading and 
more careful study to be made after the subject is worked over 
in the laboratory. 

The pupil’s first laboratory duty is to bend the glass deliv- 
ery tube and set up the 
apparatus represented in 
Fig. 1.1 This is used, 
with slight modifications, 
to generate all gases in 
the course. The eight- 
ounce, wide-mouthed bot- 
tle, the tin basin, the test 
tube, the rubber stopper 
and even the delivery tube being repeatedly used all the year. 

The manganese dioxide and potassium chlorate already 
mixed, are distributed upon small pieces of paper. The pupil 
folds this piece of paper as a physician rolls up a powder, leaving 
the ends open, and transfers the powder to the bottom of his 
test tube without clouding the sides of the tube. He is not now 
instructed in the composition of the powder, because oxygen is 
enough for him to study at present. 

The student soon acquires the ability to hold the apparatus in 
his hands with ease while generating gases. In this way he is 
enabled to watch it closely and guard against heating the test 
tube so as to crack it or melt it, also to guard against melting 
the rubber stopper or allowing the water to be forced back into 
the tube. It requires only a few laboratory exercises to make 
the awkward pupil more or less dexterous. 

HyproGen AND Water. — The following is learned from 
laboratory experiments: Hydrogen and air burn together. Hy- 
drogen may be obtained from water. Oxygen may be obtained 
from water. Hydrogen and oxygen combine to produce water. 
Hydrogen and oxygen unite in the ratio of two volumes of hydro- 
gen to one of oxygen. Hydrogen is found in illuminating gas, 
alcohol, ether, and a candle. 











Figure I. 


1 The illustrations of chemical apparatus used in this number of THE 
RecorD are kindly loaned by Messrs. Henry Holt & Co., publishers of Wood- 
hull and Van Arsdale’s Chemical Experiments. 
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For generating hydrogen the same apparatus is used as for 
generating oxygen (Fig. 2), except that a two-ounce flask is 
substituted for the test 
tube to permit of effer- 
vescence without driving 
the acid over into the 
basin. 

From recitation and 

Figure 2. lecture the pupil learns of 

the prevalence of water in 

animal, vegetable, and mineral substances; water of crystalliza- 

tion ; efflorescent and deliquescent substances ; natural waters ; im- 

pure waters; distillation; water as a solvent; water as an aid to 

chemical action; water gas; the oxyhydrogen flame and lime 

light ; hydrogen dioxide, an unstable compound yielding oxygen 
in the nascent state. 

The experiment of exploding a mixture of hydrogen and 
oxygen in the eudiometer is performed in the lecture room as 
follows: A graduated tube about 35 centimeters long is filled 
with water and inverted in a glass cylinder full of water which 
is about 30 centimeters long and Io centimeters wide. About 
12 centimeters of oxygen are passed in through a short delivery 
tube directly from the test-tube generator and allowed to cool 
until no further contraction takes place; then its volume is read, 
the eudiometer being raised until the level of the water inside 
and outside coincides. In the same manner about 12 centimeters 
of hydrogen are passed in through a short delivery tube from the 
two-ounce flask generator. This is allowed to cool and mix 
thoroughly and the volume of the mixture is read. A leather 
cushion, which has been soaked in water to get the air out of 
it, is placed under the lower end of the tube. The tube is clamped 
down and the mixture exploded by a spark from a Leyden jar 
or small Ruhmkorff’s coil. The leather cushion is now detached 
and the water enters to within about 6 centimeters of the top 
of the tube. The volume of the remaining gas is taken after 
it has cooled. Then the tube is inverted and this gas is shown 
to be oxygen by passing into it a splinter of wood carrying a 
spark. The glass cylinder filled with water not only obviates the 
necessity of making corrections for pressure in the observed vol- 
umes of gas, but it makes it safe to stand near the apparatus in 
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case the eudiometer should be shattered by the explosion. No 
corrections for temperature are required, the water and gases 
being allowed to reach the temperature of the room. The whole 
experiment requires not more than twenty minutes, and, by the 
elimination of corrections for pressure and temperature, is 
brought within the capacity of a first year high-school class. 

Another experiment which is performed in the lecture room 
is that of passing steam over hot iron powder. For this purpose 
the apparatus represented 
by Fig. 3 is used. The 
basin rests upon a support 
and the eight-ounce bot- 
tle is clamped in place. 
The rubber stoppers are 
pressed into the test 
tube and two-ounce flask 
firmly enough to support a 
them. The hands are left il 
free to control the two 
lamps. The water is kept 
boiling gently in the flask and the flame is moved slowly under- 
neath the test tube so as to keep the iron powder as hot as possi- 
ble without melting the test tube. The bottle is filled with hydro- 
gen in a very few minutes. Then the delivery tube is lifted from 
the water in the basin before any water can be pressed back 
into the apparatus. Care is taken to keep the test tube tipped 

so that no water shall trickle toward the dry-hot end. 
The apparatus represented by Fig. 
4 is used for producing water by pass- 
ing hydrogen over hot copper oxide. 
The hydrogen generator is al- 
lowed to work for some minutes before 
the flame is applied to the test tube, 
to drive air out of the apparatus so as 
Figure 4. to avoid an explosion and to show that 
moisture does not collect upon the 

walls of the test tube until the copper oxide is heated. 
The whole number of experiments performed in laboratory 
and lecture room is 8, as follows: 1. To generate hydrogen and 
show that it burns with air. 2. To obtain hydrogen from water 





Figure 3. 
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by means of sodium. 3. To obtain hydrogen from water by means 
of iron. 4. To obtain hydrogen and oxygen from water by means 
of an electric current. Proportion by volume, 2 to 1. 5. To show 
that hydrogen and oxygen when burned together form water. 
6. To produce water by reducing copper oxide with hydrogen. 
In the discussion it is shown how the proportion by weight of 
hydrogen and oxygen in water might be determined from this 
experiment by weighing the copper oxide before and after the 
experiment and weighing the water produced. Thus, if the cop- 
per oxide weighed 2.38 grams before and 2.14 grams after the 
experiment, and if the water produced weighed .27 gram it is ob- 
vious that .24 gram of oxygen has been united with .03 gram of 
hydrogen to form .27 gram of water, and that 8 grams of oxygen 
would unite with I gram of hydrogen to form 9 grams of water. 
So far as possible such results throughout the course are made 
more real by being reported from the work of the teacher in his 
own private laboratory. 7. To cause hydrogen and oxygen to 
unite in the eudiometer proving the proportions by volume to be 
2to1. 8. To burn a jet of oxygen in a bottle of hydrogen. 

The following questions are typical of those given about 
once in two months to test the progress of the class: 

Describe experiments which may be used to prove: (1) 
That water is composed of hydrogen and oxygen. (2) That it 
contains no other elements. (3) That it contains twice as much 
hydrogen as oxygen by volume. (4) That it contains eight 
times as much oxygen as hydrogen by weight. 

Show how the experiments which you have described teach 
that oxygen is sixteen times as heavy as hydrogen. 

A certain gas in burning united with sixty-four grams of 
oxygen and produced forty-four grams of carbonic oxide and 
thirty-six grams of water; of what two elements was the gas 
composed, and in what ratio by weight were they united in the 
original compound ? 

Why should there be a flame when sodium or potassium is 
put with water, and what is the product of this combustion? 

Describe an experiment where an oxidizing agent and a re- 
ducing agent were used. 

Suppose chemical attraction should cease, would any of the 
experiments you have performed be possible? Why? 

How might you prove that air contains oxygen? 
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A test tube 6 inches long filled with air is inverted over 
water. A piece of phosphorus is allowed to rust in this enclosed 
air for several days, and at the end of that time it is found that 
the water has risen 1.2 inch; what per cent of the air has been 
used up in the rusting of the phosphorus? If we direct a flame 
toward the test tube until the phosphorus melts, will it burn? 
Why? 

Why is there frequently a sudden burst of flame on a coal 
fire when the upper furnace door is open? 

When carbon burns it unites with oxygen in the ratio of 12 to 
32. If coal were go per cent carbon, how much carbonic oxide 
would be produced by the burning of a ton of coal? Some ocean 
steamers burn as much as 500 tons of coal ina day. What weight 
of carbonic oxide is thus produced? What volume? One pound 
of the gas will fill about eight cubic feet of space. 

Name several observations common to every-day experiences 
that lead to the conclusion that air is necessary for burning. 

When a flame is seen burning at the top of a foundry chim- 
ney, is it probably burning all the way down? If not, how may 
the flame have started? Give reasons for your answer. 

Weight of tin taken 1.6 gram and the weight of tin oxide 
produced 1.8 gram. What per cent of tin oxide is tin and what 
per cent is oxygen? 

12.25 grams of potassium chlorate will yield 4.8 grams of 
oxygen. An eight-ounce bottle of oxygen weighs about .35 


gram, how much potassium chlorate will be required to fill the 
bottle with oxygen? 


Composition of water is a= =» (vol.) and = = (wt.) ; how 


much heavier is oxygen than hydrogen? If a liter of hydrogen 
weighs .o89 gram, how much does a liter of oxygen weigh? 

A liter of water weighs 1000 grams. How many liters of 
hydrogen and of oxygen will be produced by the decomposition 
of a liter of water? 

What ratio of hydrogen to air would make the best explo- 
sive mixture? 

CHLORINE AND THE CHLORINE FAMILY.—For generating 
chlorine the same apparatus is used as for generating hydrogen, 
represented in Fig. 2. In the flask is put a mixture of sodium 
chloride and manganese dioxide and a little sulphuric acid is 
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poured upon it. The chlorine gas is caught by passing it up 
into an inverted bottle of water. This is the most satisfactory 
way to catch chlorine. No trouble is experienced with the water 
rushing back into the flask, if a little more manganese dioxide 
than sodium chloride by volume is taken, if they are thoroughly 
mixed, and if the mixture is heated very gently. The pupils are 
taught to manipulate their experiments so that chlorine shall not 
escape into the air of the room. This is made possible without 
the use of the hood by catching it over water. All the experiments 
with chlorine are more successful if the gas is caught over water 
and well washed, than if caught by displacement of air. To wash 
any gas we close the hand over the mouth of the bottle, entrap 
some water along with the gas, and shake vigorously, throwing 
the spray through the gas, as the rain washes the atmosphere. 
This is the simplest and most effective way of washing a ga-. 
Powdered antimony is sprinkled into chlorine, making a mag- 
nificent shower of sparks, and strips of colored calico and litmus 
paper are bleached in chlorine to show its marked chemical ac- 
tivity. Sodium is burned in chlorine to show its marked affinity 
for metals and to illustrate the existence of the chlorides in na- 
ture. The chemical activity of chlorine is exhibited by its power 
to bleach and disinfect and the reason for its not being free in 
nature is discussed. Chlorine is burned in hydrogen to give a 
broader view of combustion as a chemical process. Hydrochloric 
acid is made in the apparatus represented in Fig. 5. Sulphuric 
acid is put upon sodium chloride in the 
flask. Hydrochloric acid is passed over 
and absorbed in water in the test tube, 
which is kept cool by the bottle of water. 
The delivery tube extends nearly to the sur- 
face of the water in the test tube, but 
does not quite reach it. In a few minutes 
Figure 5. the water in the test tube becomes well 
charged with hydrogen chloride gas. Half 
of this hydrochloric acid is poured into a second test tube and 
zinc dropped into one tube to prove the presence of hydrogen, 
while manganese dioxide is added to the other tube to prove the 
presence of chlorine. 
Hydrobromic, hydriodic, and hydrofluoric acids are made by 
putting sulphuric acid upon the corresponding salts. The in- 
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stability of hydrobromic and hydriodic acids is noted. The effect 
of adding the oxidizing agent, manganese dioxide, in the case of 
hydrobromic acid is tried. Glass is etched by means of hydro- 
fluoric acid. This is made a lecture-room experiment. The 
iodine and starch reaction is tried. 
Actps, Bases and SAttTs are discussed in the lecture and reci- 
tation ; and in the laboratory, sodium hydroxide solution is treated 
| with hydrochloric acid solution until it becomes neutral to litmus 
paper. The residue (NaCl) is filtered and evaporated to dry- 
ness over a water bath. The specimen is taken home and used. 
A small portion of it is tested with sulphuric acid to generate 
HCl, and another portion is tested with manganese dioxide and 
sulphuric acid to generate Cl. 

Such questions and problems as the following are given: 

Give a general formula for an acid; for a base. Indicate the 
reaction which takes place when they are brought together. What 
general name is given to the product formed? How would you 
make KCl? Na,SO,? NaNO,? 

How much caustic soda (NaOH) would be required to 
make one ounce of common salt? (NaCl). 

Name another method by which salts are produced than by 
the neutralization of an acid by a base. 

Name the sodium salt of hydrochloric acid; the potassium 
salt of chloric acid; the calcium salt of sulphuric acid. 

What is produced in each case when potassium chloride 
KCl), potassium chlorate (KCIO,), and sodium nitrate (NaNO,) 
are treated with H,SO,? 

Compare Cl, Br, and I, stating the points of resemblance and 
difference from both the physical and chemical standpoints. 

How would you distinguish by experiment between the 
chloride and bromide of sodium? 

In general, how would you make any acid? How would 
you make hydrochloric acid? hydrobromic acid? nitric acid? car- 
bonic acid? hydrosulphuric acid? 

How much sulphuric acid and salt would be required to go 
with ten grams of manganese dioxide? 

How much manganese chloride would be produced? 

How many grams of chlorine would be produced? 

How many liters of chlorine would be produced? 

About how many eight-ounce bottlefuls ? 
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SuLPHUuR.—The physical and chemical properties of sulphur 
at different temperatures are noted and its crystallization from 
a state of fusion and from solution; its low kindling tempera- 
ture; its slight heat of combustion; its affinity for metals. Iron 
sulphide is made by mixing powdered sulphur and powdered iron 
and starting the chemical action by touching the mixture with a 
hot glass rod. A test tube is half filled with the above mixture 
and the experiment is repeated to illustrate combustion without 
oxygen. Hydrogen sulphide is made by treating a sulphide with 
sulphuric acid. This is compared with the way hydrogen chloride, 
hydrogen bromide, and hydrogen iodide were made. The insta- 
bility of hydrosulphuric acid and its consequent usefulness as a 
reagent. Nascent sulphur. Test for the presence of hydrogen 
sulphide in eggs, coal gas from a coal fire, sulphur-spring water, 
etc. Products of the combustion of hydrogen sulphide with air 
or oxygen. Action of vulcanized rubber upon a silver coin. Mak- 
ing sulphides of metals by action of hydrogen sulphide on soluble 
salts of metals. Testing unknown solutions. Qualitative analysis. 
Making sulphuric acid from sulphur dioxide by the aid of an 
oxidizing agent. Making sulphur dioxide from sulphuric acid 
by the aid of a reducing agent. The use of sulphuric acid in 
making acids from salts. Importance of sulphuric acid in man- 
ufactures. Sulphur dioxide as a reagent. Its bleaching proper- 
ties. For collecting hydrogen sulphide gas and sulphur dioxide 
gas we use the same apparatus as for generating hydrogen, illus- 
trated by Fig. 2. 

NitTROGEN.—The instability of compounds of nitrogen. The 
action of sulphuric acid upon a nitrate. The action of metals 
upon nitric acid. Nitric oxide as a reducing agent. Nitrous 
oxide and nitrogen peroxide as oxidizing agents. Ammonia. 
Explosives. Nitrogen in foods for animals and plants. Oxida- 
tion and reduction products of the decomposition of substances 
which contain nitrogen. Destructive distillation. The analysis 
and synthesis of nitrogen compounds. Testing unknown sub- 
stances for the presence of nitrates, chlorides, and ammonium 
compounds. 

For the preparation of nitric acid, ammonia, and nitrous 
oxide, the apparatus represented in Fig. 5 is used. For the 
preparation of nitric oxide we use the apparatus represented in 
Fig. 2. 
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Carbon.—Experiments in the destructive distillation of 
wood, sugar, wax, and soft coal, are performed with the apparatus 
illustrated by Fig. 6. 
The solid products are 
left behind in the test 
tube. The liquid prod- 
ucts are collected in the 
smaller bottle and the 
| gaseous products gather 
in the eight-ounce wide- Figure 6. 
mouth bottle. The solid 
products which appear to be charcoal are afterward heated in 
an open tube and shown to yield carbon dioxide by the lime 
water test. They are then reduced to an ash by the complete 
combustion of the carbon. The liquid and gaseous prod- 
ucts form the subject of a lecture or two with numerous ex- 
periments. 

The instability of organic things; their use as fuels and 
foods ; their liability to decay ; the charring of organic substances. 
The affinity of carbon for oxygen at ordinary and at high tem- 
peratures ; products of the union. Presence of hydrogen in or- 
ganic things shown by the formation of water in combustion. 
Presence of carbon in organic things shown by the formation of 
CO, in combustion. Relation of kindling temperature of hydro- 
gen and carbon; smoky flames; lamp black. Manufacture of 
illuminating gas; coke. Coal, petroleum, natural gas. Diamond. 
Graphite. Carbon as a reducing agent. Lead is obtained from 
litharge by putting litharge upon a block of wood and directing 
the flame of the Bunsen burner downward and upon it until 
globules of the lead are separated out. This experiment is used 
to illustrate the extraction of metals from their ores by the smelt- 
ing furnace. Charcoal filters. Oxidation and reduction products 
as illustrated in combustion, decay, the life processes of animals 
and plants, and destructive distillation from a retort or in the 
earth. Carbon monoxide in coal fires; in water gas. Marsh gas. 
Ammonia from compost heaps. Marsh gas in coal mines; fire- 
damp and choke-damp. Carbon dioxide in respiration; respira- 
tion of animals and plants. Use of hemoglobin and chlorophyl. 
Ventilation. Reason why carbon dioxide will neither burn nor 
support combustion. Study of flames. Heat and chemical energy 
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of the combustion of carbon; application of this energy in doing 
mechanical work. Fermentation by yeast. Soaps. 

In the laboratory carbon dioxide is made by the action of an 
acid on a carbonate and the lime water test, and the flame of a 
burning taper. 

We collect several bottles of air given off by the lungs in one 
breath and by lowering a burning taper into each bottle show 
that there is a larger portion of CO, in the last than in the first. 

We show that CO, is produced by the action of the two parts 
of a baking powder on each other (sodium bicarbonate and cream 
of tartar). 

We heat calcium carbonate to drive off CO, and obtain quick- 
lime and slake the lime to obtain lime water; filtering the lime 
water and pouring some into a bottle of CO,, shaking and adding 
lime water till the liquid remains turbid; filtering the hard water 
thus produced. 

We make “hard water ” also by dissolving a little chalk in 
“ soda water,” and boil some of the hard water to make it “ soft.” 

We try the action of soap on the hard water produced in both 
of the previous experiments. 

We show how mortar, plaster, whitewash, etc., become lime- 
stone by putting slaked lime into a bottle of carbon dioxide and 
tying a piece of sheet rubber air-tight over the mouth of the bot- 
tle, and noting the evidence that the CO, is being absorbed into 
the slaked lime. 

To show that carbon dioxide and alcohol are obtained by the 
process of fermentation, we put yeast with a solution of mo- 
lasses and water in an eight-ounce wide-mouth bottle and invert 
it in a tin basin and set it in a warm place. In a few hours the 
bottle is filled with CO,, as may be shown by lime water or the 
burning taper. The solution of water, molasses and yeast which 
has passed out of the bottle and into the basin is now returned to 
the bottle and set away for further fermentation. In a few days 
it smells strongly of alcohol and a portion of it is put into the 
flask of the distilling apparatus represented in Fig. 5, and alcohol 
is separated out and shown to support a flame. The rest of the 
solution of water, molasses and yeast, is allowed to ferment fur- 
ther for many days until it makes good vinegar. This is filtered 
and put into a specimen bottle and labeled and kept to show to 
next year’s class. 
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Yeast is examined under the microscope. 

We also try the power of boiled and filtered yeast to cause 
fermentation. We make soaps by boiling fatty acids with 
alkalis. 

We obtain potassium carbonate from wood ashes, and we 
obtain CO, by putting an acid upon wood ashes. 

PHOSPHORUS AND ARSENIC.—Characteristics of phosphorus 
and arsenic. Affinity of phosphorus for iodine; for oxygen; use 
in making matches. The safety match. Allotropism as illustrated 
by phosphorus, carbon, sulphur and oxygen. Phosphoric acid 
and its salts. Properties of arsenic oxide; Marsh’s test for ar- 
senic. The nascent state as illustrated by the action of chlorine 
from aqua regia, sulphur from hydrogen sulphide, hydrogen in 
Marsh’s test, the action of oxidizing and reducing agents. Prod- 
ucts of the complete combustion of hydrogen arsenide, carbon 
bisulphide, hydrogen sulphide and a hydrocarbon like kerosene. 
Products of the incomplete combustion of the same when cool 
objects are brought into the flames. The affinity of oxygen for 
these elements in the free state compared with its affinity for 
them in the combined state. 

IMPORTANT METALS AND THEIR OrpINARY COMPOUNDS.— 
A brief study of the preparation and of the properties of the 
following metals and a few of their ordinary compounds: potas- 
sium, sodium, (ammonium) and calcium; zinc, copper, mer- 
cury and silver; aluminium and iron; lead and tin; platinum and 
gold. 

Special attention is given to those compounds which are of 
great importance in the laboratory, in the industries or in daily 
life; such as potassium chlorate, potassium carbonate, caustic 
potash, saltpeter, common salt, soda, borax, lime, mortar, gun- 
powder, glass, steel, porcelain, the common alloys, etc. ' 
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SYLLABUS OF THE COURSE IN PHYSICS 


Time.—Second year of the high-school course. Pupils about 
fifteen years of age. One year of thirty-two weeks. Two ex- 
ercises of forty minutes each and two exercises of eighty-five 
minutes each, weekly, with two hours of home study, making 
about six hours each week. One period of forty minutes is de- 
voted to a lecture when all the divisions of the class meet ta- 
gether in the large lecture room. The two periods of eighty- 
five minutes each are given to laboratory work and the remaining 
period of forty minutes is devoted to recitation. Sometimes one- 
half of one of the laboratory periods is used for extra lecture or 
recitation as the subject may demand. 

Tue PuysicaL Lasoratory.—The physical laboratory is a 
large, well-lighted and well-ventilated room. On one side be- 
tween it and the chemical laboratory is a stock room and an office 
opening into each laboratory; on another side are a dark room 
and a tool room. The tables are ordinary library tables, oak, and 
well polished, 2 feet 3 inches wide by 4 feet 6 inches long. Each 
table accommodates two workers. Although more than eight 
hundred students during the past eight years have performed 
their laboratory work upon these tables, and they have never been 
redressed, they still look quite as well as the tables that have been 
used for library purposes. The tables are arranged horseshoe fash- 
ion and are twelve in number. In the centre of the horseshoe are 
other tables which accommodate exhibition apparatus. At the 
opening of the horseshoe is a table for the teacher’s apparatus. 
At one end of the room is a blackboard, a teacher’s desk with 
twenty-four chairs grouped about it for recitation or supplemen- 
tary lecture purposes. There is a sink at each end of the room 
and a working shelf running along two sides of the room 
underneath the windows. This shelf is supplied with electric 
current and with gas outlets for Bunsen burners. The apparatus 
is kept in the stock room and in cases around the sides of the 
room. Shelves are also provided for books. 
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Tue Lecture Room.—The lecture room is provided with 
206 Yale-tablet chairs, an electric-light stereopticon, cases for ex- 
hibition and a lecture table well supplied with conveniences for 
chemical and physical lectures: a hood, a sink, a blackboard, a 
chart frame, gas, storage battery and dynamo connections; 
drawers and cupboards well stocked with lecture apparatus. A 
preparation laboratory opens from this room. There is inter- 
communication by telephone among the laboratories, lecture room, 
stock room and other rooms mentioned above. 

For text-books we use Henderson and Woodhull’s Elements 
of Physics and Woodhull and Van Arsdale’s Laboratory Manual. 

The pupils come to us at about fifteen years of age, desiring 
most to learn about trolley cars, wireless telegraphy, liquid air, 
the telephone, etc., and we are not convinced that it is our duty 
to check these desires and substitute what to them would seem 
to be dry husks. We therefore teach principles only for the sake 
of their applications and we very easily find their applications in 
the things which the pupils are inquiring about. Applications 
are presented so far as is practicable at the same time with the 
principles in order that they may give reality to the principles. 
High-school pupils are not satisfied to be kept “ whetting tools ” 
to be used only in college or in after life. What may therefore 
be considered the crowning features of our work are the excur- 
sions described on pages 43-50. 

Physics may properly be regarded as a group of several sub- 
jects, as Heat, Sound, Light, etc., which, although closely related 
to one another, are not sufficiently interdependent to determine 
a natural sequence. This fact is well attested by authors of text- 
books in the wide variation of orders of topics which they have 
adopted. The order of topics is not very important so long as a 
logical and scientific treatment of them is followed. The best 
order to use in a text-book is not in all cases the best order to 
use in teaching the subject. It may be well, for purposes of 
ready reference, that the first division of the subject as presented 
in the text-book should be definitions of Physical Science, of the 
Constitution and Properties of Matter, etc.; but these and many 
other matters will be better understood if interspersed and reit- 
erated throughout the whole course in teaching the subject. 
Minor considerations may very properly be allowed to determine 
the order of the chief topics. For example, we put that part 
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of the subject first which the introductory stages of the laboratory 
work require; we arrange our course to bring Static Electricity 
into the coldest and dryest month of the year, so that the experi- 
ments may be more successful. 


PROPERTIES OF MATTER (Two Weeks) 


The first lecture deals with: familiar illustrations to develop 
ideas of the molecular constitution of matter and of molecular 
force; the solid, liquid and gaseous states of matter and the rela- 
tion of heat to these, and during the first week exercises are given 
in the laboratory to determine the ratio between an inch and a 
centimeter ; an inch and a meter; an ounce and a gram; a quart 
and a liter; a cubic centimeter of water and a gram. In the sec- 
ond week the lecture and laboratory work treat very briefly of 
such properties of matter as are related to gluing, cementing, 
welding, soldering, the absorption of air and water by wood, and 
of oil by leather, the action of lamp wicks and blotting paper, the 
diffusion of vapors and gases into the atmosphere, the rising of 
sap in trees, the osmosis of gases and liquids in the human body, 
crystallization of water, type metal, etc.; the flowing, at ordinary 
temperature, of rosin, sealing wax, asphalt pavements, ice in gla- 
ciers, etc.; watch spring and spring balances, gold leaf, etc. 


MECHANICS OF SOLIDS (Three Weeks) 


The next three lectures present familiar illustrations and ap- 
plications of the principles of momentum, mass and weight, gravi- 
tation and the laws of motion, the pendulum and its uses, uni- 
formly accelerated and uniformly retarded motion, the path of 
projectiles, the orbits of comets and the planets, the recoil of a 
gun, the motion of the rotary lawn-sprinkler and simple turbine 
water wheel; the composition of parallel forces and the applica- 
tion of the principle to levers, pulleys, wheel and axle, balances 
and machines in general; work and the conservation of energy. 
The last two merely introduced now, but to be often referred to in 
future chapters. 

The experiments which are used in the laboratory during 
the first five weeks have a little of the nature of induction, but 
more of illustration and of verification. Half of them have some- 
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thing of a quantitative nature, but perhaps not more than a 
quarter of them are what are usually termed quantitative experi- 
ments. They however serve the purpose of making real the 
ideas which we wish to present. They absorb the interests of the 
pupils, and when performed under the supervision of a good 
laboratory director and properly related to lecture and recitation 
work they furnish an abundant fund of information, and we be- 
lieve they contribute well toward that mental training which we 
have in view. 


MECHANICS OF FLUIDS (Five Weeks) 


The study of the pressure in fluids is very much simplified 
by arranging it under three main propositions. It is understood 
that we refer to static pressure. 

Liguips.—The first proposition is (a) Pressure in liquids 
is proportional to the depth alone, and is not influenced by the 
size or shape of the vessels 
which contain them. (b) 
At any given depth the 
pressure is equal in all di- 
rections. The first part of 
this proposition is illus- 
trated by such apparatus 
as is represented in Fig. 1,* 
and the second part is 
shown by such apparatus as 
is represented in Fig. 2. 
b c is in each case the ver- 
tical height of the mercury 
column which is supported 
by the water pressure at “td 
the point b. ; 

The burden of the first vest 
lecture is to make this seem a naturally and necessary truth and 
not something paradoxical. Pressure downward, sidewise, and up- 











1 The illustrations of physical apparatus used in this number of THE 
REcorRD are kindly loaned by Messrs. D. Appleton & Co., publishers of Hen- 
derson and Woodhull’s Physics, and Woodhull and Van Arsdale’s Physical 
Experiments. 
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ward, in a liquid is shown to be wholly due to gravity. Buoyancy 
and specific gravity are treated as merely corollaries of this propo- 
sition. For example, 
let Fig. 3 represent a 
specimen tube carry- 
ing shot and floating 
in a tumbler of water. 
If the depth a b to 
which it sinks is 10 
centimeters, and if the 
area of its bottom is 
Figure 2. equal to I square cen- 
timeter, the pressure 
upward upon the bottom of the tube must be 10 grams, and since 
there is equilibrium, its weight must be 10 grams. It follows 
that: A floating body must displace its own 
weight of the liquid. A body that sinks until 
it is submerged displaces its own volume 
of the liquid. It will, if left free to move, sink 
to the bottom of the retaining vessel. It will 
press upon the bottom of the vessel with a force 
equal to its own weight, less the buoyant force 
of the liquid, which is the weight of its own 
volume of the liquid, which is the weight of Figure 3. 
the liquid displaced. If a string were at- 
tached to it and lifted it from the bottom, leaving it still sub- 
merged and this string were attached to a balance we might 
measure the force with which the object had pressed upon the 
bottom of the vessel. This subtracted from the weight of the 
object would give the buoyance, or the weight of the equal volume 
of the liquid, etc. This matter is discussed as long as it is fruitful, 
but specific gravity is not dwelt upon longer than one laboratory 
period. We sacrifice something from this work to find time to 
measure the water pressure at faucets on different floors of the 
building, from which we calculate the height of the stories. 
We measure the pressure in the gas pipes and steam pipes, the 
pressure which we may exert with our lungs. This is figured in 
pounds per square inch upon the walls of the mouth and chest, 
etc. We discuss what is meant by the draught of a ship; how 
her tonnage may be calculated; how it may be determined what 
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water she will draw when loaded and when empty; how iron 
ships float; the use of ballast; why yachts have keels of lead 
projecting so far down into the water. 

For home work, beside the study of the text-book, a number 
of experiments have been devised. One boy at our suggestion 
found the volume of his own body as follows: He filled the bath 
tub with water to the overflow and then carefully got in and 
submerged himself; he then got out and measured the amount 
of water which it was necessary to add to again fill the tub to 
the overflow. This gave his volume. Knowing his weight, he 
was able to determine his specific gravity which was found to 
be .89. The question then arose why he could not swim, and 
it is presumed that the discussion will contribute some addi- 
tional confidence at the next swimming lesson. The slight 
difference in weight between fresh water and sea water is noted 
and the flimsy excuse is removed from those who think they could 
swim in salt water but cannot in fresh. 

Gases. — The second proposition is: (a) Pressure in gases 
increases with the depth, but is not proportional to it. (b) At 
any given depth the pressure is equal in all directions. 

The fact that pupils have always lived at the bottom of an 
ocean of air and have not been conscious of its buoyance, has 
made them grow up with the feeling that gases as a rule have no 
weight and cannot exert a pressure. It is therefore necessary 
not merely to convince them of the fact, but to impress it upon 
them so that they will feel it to be natural to think of gases as 
being subject to the attraction of gravity and therefore having 
weight. 

Air is weighed and it is found that one cubic foot of it 
weighs about an ounce and a quarter. It is therefore calculated 
that the air in a lecture room whose dimensions are 60x40x20 
feet, weighs one and seven-eights of a ton. 

Our discussions run about as follows: Contemplate the 
momentum of countless tons of air moving at a velocity of 
fifty to a hundred miles an hour. Is it strange that it unroofs 
buildings, uproots trees, piles high the sand dunes, drifts great 
snow banks, and raises the sea in huge masses? 

The barometer proves the weight of the air and is shown 
to be only a slight modification of the mercury pressure gauge 
which we have used for liquid pressures. 
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The only reason for studying the pressure of gases apart 
from that of liquids is the fact that gases are compressible 
while liquids are not, hence proposition two is a review of prop- 
osition one with a distinction to be carefully noted. Gases 
under pressure condense and are like a coiled spring, the out- 
ward push of the spring is equal to the pressure upon it, Fig. 
4; hence the tension of gases 
is equal to the pressure upon 
them. The length of the spring 
is proportional to the pressure 
upon it. It is so used in spring 
balances to determine the mag- 
nitude of weights. In the same 
manner the volume of a gas 
is proportional to the pressure 
upon it. This law was the 
discovery of Robert Boyle in the seventeenth century. 

It must therefore appear that it is gravity which causes a 
balloon to rise. The balloon floats in the air for the same 
reason that a block of wood floats on water. We do not say 
this proves that wood has no weight, but rather it proves 
that water has weight—hence its buoyancy. The rising 
balloon likewise testifies to the weight and consequent buoy- 
ancy of the air. Air being compressible its density varies with 
the height; hence we may control the height to which a balloon 
will rise in the air by throwing out ballast and reducing its 
weight, or letting out gas and reducing its volume. Not so 
with the block of wood floating in water. If we weight it until 
it is submerged, it immediately goes way to the bottom; this 
proves that the water has uniform density. 

TRANSMISSION OF PRESSURE THROUGH LIQUIDS AND GASES. 
— The third proposition is: Pressure exerted upon a fluid (liquid 
or gas) inclosed in a vessel is transmitted equally in all directions, 
the total pressure upon the walls of the vessel being proportional 
to the area. This principle has in a measure been assumed in 
the study of the two foregoing propositions, which is bad logic, 
but not necessarily bad pedagogy. 

The two pieces of apparatus used for illustrating this prin- 
ciple are represented in Figs. 5 and 6. Mercury is put into the 
bent tubes (Fig. 5), to serve as a gauge of the pressure. The 
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mouth of the experimenter is applied to the free end of the tube 
above at the left; by pinching the rubber tube connection between 
the first and second 


pressure gauges, the ——g=— 
pressure which he E 
may exert from his 
| 


lungs is all directed 
upon the mercury in 
the first tube. Sup- 
pose he finds that this 
is sufficient to sup- 
port a column of mer- | 
cury three inches UJ 
high, a pressure which ~ OS) 
he has learned to des- 
ignate as one and a 
half pounds per square inch. If now he releases the rubber tube 
between the first and second gauges and pinches that between 
the second and third gauges he finds that with an effort equal to 
that used before he may make each of them register three inches, 
or one and a half pound pressure per square inch. In the same 
manner he may exert pressure upon three or any number of 
pressure gauges simultaneously and find that it is as easy to hold 
up a hundred columns of mercury as it is to hold up one. 

The apparatus represented in Fig. 6 
is a jelly-cake tin with a rubber cloth 
tied over the top and a tube inserted 
into the side. The area of the top is 

Figure 6. about 80 square inches. A board is 

laid upon it and weights put upon the 

board; when the mouth is applied to the tube one has the novel 

experience of finding that he can lift about 118 pounds by his 

breath. The hydrostatic press is discussed and it is shown to 

conform to the laws of machines and thus again the principles of 
work and the conservation of energy are illustrated. 

Having spent about three weeks in the study of the pressure 
of fluids, arranged under these three propositions, the next two 
weeks are given to the applications of these principles to siphons, 
pumps, Cartesian divers, Magdeburg hemispheres, hydraulic 
elevators, pneumatic cash systems and mailing tubes, door checks, 























Figure 5. 




















34 Teachers College Record [80 


compressed air motors, air brakes, diving bells, caissons, the ear 
drum, the physics of respiration, the student’s lamp, the fountain 
ink well and sponge cup, “ fountain in vacuo”, Hero’s fountain, 
the specific gravity of milk, cream, whole milk, skimmed milk, 
and watered milk, etc., etc. 

In the laboratory work connected with the pressure in fluids 
each pupil performs twenty-five or thirty experiments, fully 
half of which are quantitative, and most of the qualitative experi- 
ments have mathematical problems connected with them; for 
example, in connection with the apparatus illustrated in Fig. 7 
the following calculations are called for.. In a 
large wide-mouthed bottle of water a small vial is 
inserted, having just enough air in the upper part 
to float it. The weight of the vial is 3.5 grams, the 
air which it contains is 2.5 cubic centimeters. What 
must be the volume of glass in it, and what is its 
specific gravity? The rubber cloth is air-tight over 
the mouth of the large bottle. If now we exert a 
pressure of 5 pounds per square inch upon the 
rubber, what will the volume of the air in the vial 
become? Will it sink? If so, with how much force 
will it press upon the bottom of the large bottle? If now we 
remove the pressure from the rubber cloth, and pull upward upon 
it with a force of 5 pounds per square inch, what will the volume 
of the air in the vial become? Will the vial rise above the 
surface of the water in the large bottle? If so, what volume 
will emerge? 





Figure 7. 


HEAT (Five Weeks) 
How Heat 1s Propucep: 


Heat produced by friction. Machinery warms up while 
running. Oil is used to reduce friction and thereby diminish 
heat. Machines when mismanaged often get so hot in their 
bearings as to set fire to the oil used to lubricate them. A good 
example of this is the “ hot box” on the car axle. The friction 
match is heated to the kindling temperature by scratching it 
upon a rough surface. 

Heat produced by pressure. Substances which contract 
under pressure yield heat. Hence the heating of the sun and 
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other heavenly bodies under the weight of their own mass. When 
the pressure is removed and the mass expands it becomes cold. 
The manufacture of ice, liquid air, etc. 

Heat produced by chemical action. Combustion, the slaking 
of lime, zinc and sulphuric acid all illustrate this. Compost heaps 
get very warm by reason of the chemical action that is going on 
in them. Piles of green grass, new grain, new hay, new flour, 
cotton with seed in it, and oily cotton waste, all produce heat for 
the same reason. Animal heat. 

Heat from electricity. Resistance to the electric current 
produces heat. This is sufficient to cook with in the electric 
stove. Our electric cars are warmed in winter by turning elec- 
tric energy into heat. 


Some Errects or Heat: 


Expansion of solids. Setting wagon tires, riveting boiler 
plates, dial thermometers, iron bridges, lamp chimneys, chemical 
glassware, thermostatic valves and regulators are taken as illus- 
trations. 

Expansion of liquids. Mercury thermometers. The action 
of water, and such metals as crystallize. 

Expansion of gases. Law of Charles. Air thermometer. 
Heat determines the state of a substance. Fusion. Vaporization. 
Dew point. Humidity. Relation of pressure to evaporation. 


How Heat 1s TRANSFERRED: 


Conduction. The metals. The use of sawdust in ice houses. 
The use of double windows on dwelling houses. Clothing. Nor- 
wegian cooking box. Brick wall around a furnace. Covering 
of steam pipes. We are living on a globe with only a thin non- 
conducting shell between us and the intensely heated interior. 
Water pipes laid a few feet under ground do not loose their 
heat sufficiently to freeze. Snow protects vegetables. 

Convection. The hot-air furnace. The hot-water heater. 
Winds. Land and sea breezes. Ocean curents. Ventilation. 

Radiation. How we get heat from an open fireplace. Would 
we be able to receive heat from the fire if there were no atmos- 
phere or matter of any kind in which conduction and convection 
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could occur? How we get heat from the sun. The hotbed. 
The green house. Compare the effect of our atmosphere to that 
of a hotbed. Action of moisture in the air. Upper and lower 
regions of the air. Conditions upon the moon where no atmos- 
phere exists. Why dew and frost collect more upon some things 
than upon others. How snow produces hotbed conditions. The 
ether. Wave motions. Kinds of radiation. Velocity of radiation. 
Absorption, radiation and reflection. Relation of heat and light. 
The radiometer. 


CALORIMETRY AND SPECIFIC HEatT: 


Distinction between temperature and quantity of heat. Com- 
pare pressure and quantity in hydraulics, heat, and electricity. 
Specific heat. Effects of large bodies of water upon climate. 
The efficiency of hot water heating apparatus. The hot water 
tank in the kitchen. Land and sea breezes as related to specific 
heat. 

In the laboratory each pupil has three bright metal cups, 
two of which contain each 200 grams of water at the tempera- 
ture of the room, and the third contains 200 grams of water and 
a piece of lead weighing 200 grams with a thread attached. This 
third vessel is heated, temperature of contents of all three taken, 
then the 200 grams of hot lead is transferred to one of the vessels 
containing 200 grams of cold water and the 200 grams of hot 
water is poured into the other vessel containing 200 grams of 
cold water. The resulting temperature is found and sources of 
error discussed. Some of the pupils who have extra time are set 
the task of determining the amount of heat lost to the cups. 


LaTENT Hear: 


Heat disappears when solids liquefy. The temperature of 
water and of common salt, before and after mixing. 

The temperature of shaved ice and common salt, before and 
after mixing. Ice liquefies faster when mixed with salt than 
otherwise. Why salt is put upon icy pavements. Freezing mix- 
tures. Why ice and snow are so slow to melt. 

Heat disappears when liquids vaporize. Take the tempera- 
ture of ether in a bottle. Expose it to evaporate in a shallow 
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dish and take its temperature again. Put a drop of water into 
it and fan the ether to hasten evaporation. Note that the water 
freezes. 

Ice machines which use ammonia. The water bath. The 
double boiler. Animal heat reduced by perspiration. Sprinkling 
with water for the purpose of cooling. “ Muggy days.” Humidity. 
Why is it difficult to cook on a mountain top? Freezing produced 
by reducing the pressure. Making liquid air. Why liquid air is 
so slow to pass into a gas. The temperature of compressed air 
motors. Freezing “quicksands” for engineering purposes. 
The regulation of animal heat. 

Heat reappears when vapors liquefy. Steam heating of 
buildings. Moderation of temperature during rain. Moist air 
accompanying Gulf Stream. 

Heat reappears when liquids solidify. Fuse sodium sulphate 
crystals. Allow the liquid to cool quietly. Insert a thermometer 
and note the rise in temperature as the crystals form again. Tem- 
perature in centre of a snow storm. Tubs of water put in a 
cellar to keep vegetables from freezing. Large bodies of water 
in freezing modify the climate. 

In the laboratory each pupil performs about forty experi- 
ments, one-quarter of which are quantitative; the others are 
chiefly qualitative, many of which are intended to parallel larger 
phenomenon in nature and all of them have for their main pur- 
pose the making real of the ideas presented. 


MAGNETISM AND ELECTRICITY (Eight Weeks) 
MAGNETISM : 


Lodestone. The making of magnets. Magnetic substances. 
Lines of force about a magnet. Each molecule a magnet. The 
earth a magnet. Charts of the lines of force upon the earth, 
Mariner’s compass. Law of inverse squares. 

Each pupil performs in the laboratory about eight or ten 
experiments in magnetism, such as the following: 

The apparatus represented in Fig. 8 consists of a glass tube 
fitted into a cork, containing pieces of soft iron wire, each about 
one-quarter of an inch long. Find how many bits of iron each 
pole of a bar magnet will lift and try the power of the magnet 
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at various points between the poles. Lay a second bar magnet 

upon the first with like poles together and repeat the experi- 
ment. Repeat the experiment, having un- 
like poles together. Place one pole of a 
magnet upon the upper end of the glass 
tube and place the opposite pole of another 
magnet against the side of the tube an 
inch or two below the upper end. Try, 
now, the power of the upper magnet to lift 
bits of iron. Reverse the poles of the 
lower magnet and try again. 


Static ELeEctTRICITy: 





Charges of electricity, how devel- 
oped, how maintained. Conductors. The 
influence of electrified bodies upon neighboring objects. Elec- 
trophorus. Leyden jar. Distribution of charge. Lightning. 
Gas-lighting by static machine. 

Each pupil performs in the laboratory about ten or twelve 
experiments in static electricity, such as the following: 

Bring an electrified stick of sealing wax underneath a pith 
ball, e (Fig. 9), suspended by a copper wire. Make the sealing 
wax approach very 


Figure 8. 





near to the pith ball, @ b c d 
but do not allow it | 
to touch. While hold- g 


ing the sealing wax 
near to e, lift the pith 
ball, f, which is also 
suspended by a cop- 
per wire, off from the Figure 9. 
copper wire, b c, and 
hang it upon the silk thread, c d. A loose piece of silk thread, g, 
is provided, so that this may be done without touching the copper 
with the fingers. Test now each ball with both glass and sealing 
wax to determine whether it is positively or negatively electrified. 
Hold an electrified stick of sealing wax near to but not 
touching a pith ball suspended by a silk thread. Touch the pith 
ball with the finger while it is near the sealing wax. Test now 
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the pith ball with both glass and sealing wax to determine whether 
it is positively or negatively electrified. 

Can you, by means of an electrified glass tube, charge a 
pith ball suspended upon a silk thread either positively or nega- 
tively at pleasure? Try it. 


ELectric CURRENTS: 


Sources of electric currents. Electric potential. Relation of 
static electricity and electric currents. Typical cells. Chemical, 
heating, and magnetic effects of electric currents. The uses of 
electromagnets in telegraph sounders, in electric bells, in electric 
motors, etc. The galvanometer. The ammeter. The voltmeter. 
Ohms. Volts. Amperes. Electrical measurements. Induction. 
The telephone. The magneto-electric machine used for tele- 
phone calls. The dynamo. Transformers. Thermo-electric 
generators. The thermopile. 

Each student performs in the laboratory about twenty-five 
or thirty experiments in electric currents of which the following 
are typical: Examine an electric bell and trace the path of the 
current through it. Send the current through it so as to make 
a “ single-stroke ” bell; a “clatter” bell. Ilustrate by diagrams. 
Connect your battery with a voltmeter and ammeter in parallel. 
Add slowly from 0 to 10 ohms resistance to the ammeter circuit. 
Record the readings of voltmeter and ammeter at each step. Find 
about what current is required to operate the pieces of apparatus 
furnished you. (Electric bell, small motor, electrolysis apparatus, 
etc.) Connect two motors with a rubber band. Operate one with 
a battery and connect the other with the galvanometer. Is the 
second motor producing a current as a dynamo? If so, how 
much and what is its electromotive force? Operate the hand 
dynamo and see whether it goes harder when its current is made 
to do work, such as decomposing water, heating a wire, ringing 
a bell, operating a motor, etc. 


LIGHT (Five Weeks) 


The nature of light. Its velocity. Its sources. Law of 
inverse squares. Relation between temperature and intensity 
of light. Visual angle; how it helps us to estimate distances. 
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Shadows. Eclipses Light through small apertures. Laws of 
reflection. Images in plain mirrors. Concave mirrors. Enlarged 
images formed in concave mirrors. Inverted images in concave 
mirrors. Diminished images in convex mirrors. Curved image 
from a straight object. How daylight is diffused. Halos about 
street lights and about the moon. Illumination of clouds at sunset. 
Moonlight and the phases of the moon. How the dark part of 
the new moon is made visible. Why transparent objects and 
good reflectors are themselves invisible. Reading from glazed 
paper. Twilight. Refraction. Index of refraction. Critical 
angle. Total reflection. How refraction lengthens the day. 
Mirage. The brilliancy of precious stones. Refraction of light 
enables us to see colorless and transparent fluids. Prisms. 
Lenses. Enlarged images produced by refraction. Inverted 

images produced by refraction. Focal 


distances. How a lens forms a pic- 
ture. Conjugate foci. 
The simple microscope. Com- 
a b pound microscope. The 
Street 








telescope. 

The photographic camera. The hu- 

man eye. Nearsightedness.  Far- 

- sightedness. The spectrum. The in- 
| visible spectrum. Complementary col- 
” ors. Roentgen rays. Hertz waves. 
Polarization of light. The identity of 

Figure 10. the various forms of radiation. 

Each pupil performs in the lab- 
oratory about twenty exercises in light. Most of them are quan- 
titative. Some of these exercises consist of constructing dia- 
grams to illustrate principles. For example, having developed 
by means of apparatus the laws of reflection, the pupils are 
called upon to construct such diagrams as follow: 

Suppose you live at e (Fig. 10), and across the street at 
ab is a show window which serves as a mirror; mn is a street 
car passing up the avenue. Complete this diagram, showing 
where the image mm will appear to be located, and showing the 
direction in which the image will appear to be moving. 
Where must a placard be hung upon the show window to 
hide the point » from your vision. 

Suppose cc’c” (Fig. 11) is a curved mirror,the centre of whose 
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curvature is d and that mn is an object before the mirror and that 

e is the eye of an observer. Complete the diagram, making it show 

the position of the image m’o’p’n’, its shape and its size; also 

the angles of incidence and re- 

flection for each of the four 

rays. Measure these angles 

with your protractor to deter- 

mine whether the figure is 

correct. Test the truth of 

your conclusion by holding 

the curved mirror before your n 

face and bringing a small ob- 

ject, mn, between your face 

and the mirror. om 

Let mn (Fig. 12) rep- Figure tt. 

resent a vertical line across 

your face, e the position of your eye, ab the mirror, d the centre 

of its curve. Complete the diagram, showing by lines, the courses 
a which rays of light from m and 

n must take in order to reach the 

eye by reflection from the mir- 





™ys) ’ 
“ror, showing also the position 
and relative size of the image 
e ae ae ao 
m'n’. Test the angles of inci- 
e dence and reflection with your 
n protractor. 


Figure 12. 


SOUND (Three Weeks) 


Sources. Transmission. Loudness. Pitch. Quality. Reflec- 
tion, echoes. Velocity. Vibration of strings. Sympathetic vibra- 
tion. Music. The scale. Melody. Chords. Harmony. Counter- 
point. The voice. The ear. The phonograph. The telephone. 

Each pupil performs in the laboratory about fifteen exer- 
cises in sound, most of which are qualitative. 
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It will occur to those who read over this syllabus of work in 
physics that there is too much of it to be done satisfactorily. We 
find this to be true. The amount which we actually accomplish 
differs considerably from year to year. The ground of the fore- 
going syllabus has all been gone over in our high-school classes, 
but never all of it with any one class. Probably as much as one- 
tenth of it will be omitted this present year, and a good deal of 
the rest will be very much slighted. But we find our tendency 
is to get in a little more each year by connecting the parts better. 
Ideas which had been presented in an isolated fashion are brought 
in under some common head and by serving as further illustra- 
tions of the same thing serve not to increase the labor, but to make 
clearer and easier that which would have been rather obscure and 
difficult. By this means alone we have come to teach the sub- 
ject of pressure in fluids in half the time which we once required, 
and at the same time we treat it more completely than formerly. 

Incidentally we are bringing in more of the history of chem- 
istry and physics each year and more of the biography of the 
masters. The pupils are buying for their own libraries more 
books related to the subject of chemistry and physics each year and 
the number of them who have private laboratories at home is 
increasing each year. 














EXCURSIONS 


An essential feature of our work in physics and chemistry 
is the pursuit of these subjects outside of the lecture, the recita- 
tion and the laboratory into the daily life. For this purpose we at- 
tempt so far as practicable excursions. In New York City, high- 
school pupils have so many home engagements that it is not possi- 
ble to get a large portion of any class to go on excursions out of 
school hours, and it is not possible to take them away from the 
building on excursions during the school hours, because of their 
engagements with the other teachers. We do however arrange 
a few excursions within the city limits for such as can go to gas 
factory ; sulphuric acid factory; soap factory; mineral water fac- 
tory; candy factory; glass, china, pottery, lime, mortar and ce- 
ment works; ice factory; water works; boiler works; machine 
shops, power houses, etc. From such excursions taken by com- 
paratively small groups, reports are given to the whole class. 
But fortunately we have within our own buildings a plant which 
furnishes admirable opportunity for studying physics and chem- 
istry in a very practical way. This we can visit during the regu- 
lar laboratory periods, using the lecture and recitation periods 
for discussion and for demonstration with models and charts. 
The following outline will serve to indicate the nature of this 
work. Classes from the elementary school are also taken upon 
excursions about the buildings, and lessons suited to their needs 
are selected from the following outline: 


Facts Broucut Out sy Excursions ABOUT THE BUILDING 


Cost of plant for heating, lighting and ventilating Teachers 
College, about $100,000, and for Horace Mann School about 
$45,000 in addition. 

Where our coal comes from. Its formation. How transported. 

Hard and soft coal. Chemical constitution. 

Our coal vaults hold about 240 tons — one boat load. 
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Consumption approximately as follows: 


September. ‘ ; . ‘ ‘ 5° tons 
October ° ‘ ‘ ‘ : : ° 150 “ 
November. ‘ ‘ ° ‘ , ; 200 “ 
December . , ; ; ‘ . ‘ 250 “ 
January . ‘ ° ; . ; : 300 “ 
February ‘ ‘ ° ° ‘ . . joo“ 
March . : ‘ ‘ ‘ ° : : a0 * 
April. : ‘ ‘ . ‘ ; ‘ 200 “ 
May . : ‘ , ‘ ° : ‘ oo 
June . ; ‘ . ° ‘ : ‘ — “ 


1900 “ 
Approximate cost, $6,500. 


What constitutes good coal. Use and relative cost of various 
sizes. 

What constitutes good firing. Chemistry and physics of the 
process. 

Possible temperature of the fire. 

Duties of fireman. 

Duties of coal passer. 

Proportion of ash in coal. 

Proportion of ashes in coal. 

Why the distinction is made. 

Ash cars and elevator. Reason for such an equipment. 

Capacity of ash elevator 2,000 lbs. 

Capacity of car 600 or 700 Ibs. About three ash-car loads fill 
a street ash cart. 

Dumping the ash cars. The ash chute. 

What the street cleaning department does with the ashes. 

Construction of boilers. 

Allowance made for the expansion of grate bars. 

Area of grates 27 square feet for one of the 136 horse-power 
boilers, or I square foot of grate for five horse power. 

Allowance for expansion and contraction in boiler tubes. 

Capacity of boilers: 


No. 1 157 horse power 
No. 2 136 “ ‘“ 
No. 3 136 “ “ 
No. 4 136 “ 6“ 
No. 5 136 “ “ 


701 “ “ 
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Square feet of heating surface, 7,700=11 square feet for each 
horse power. 


In process of construction : 





No. 6 . ‘ , ° ‘ . 209 horse power 
No. 7 , ‘ ‘ ‘ , ; eo sie 
No. 8 . F . : ° . ae 5 

27 “ “ 


Our five furnaces consume about I ton (2,240 lbs.) of coal per 
hour when doing their best work. It is estimated that under 
those conditions they generate 700 horse power. Hence 3.21 
Ibs. coal=one horse power per hour. One horse power= 
33,000 foot pounds. 772 foot pounds=one British thermal 
unit. One B. T. U.=amount of heat necessary to raise 1 Ib. 
of water at maximum density 1° F. One horse power= 
42.75 B. T. U. It is estimated that our boilers evaporate 30 
Ibs. of water for each horse power hour ; that is, 1 lb. of coal 
evaporates about 9 lbs. of water, or more exactly, 9.375 lbs. 
at the pressure of go lbs. per square inch which we maintain. 
Calculate the number of thermal units required to evaporate 
that amount of water under the conditions which obtain. 

The number of thermal units which may be produced by burning 
1 lb. of our coal in our furnaces may be estimated at 14,000. 

Stiggest ways to account for the loss of heat. 

Boiler inspections by Police and Insurance Company. 

Insurance (Board of Fire Underwriters). 

Method of testing boilers. 

Causes of boiler explosions. 

Cleaning boilers — Corrosion and incrustation. 

Effect upon amount of fuel used and protection of pipes from 
over-heating. 

Filtered water. 

Exclusion of cylinder oil. 

Amount of water lost from the system each day. 

Trace products of combustion to chimney. 

Possible products and significance. 

Possible temperature of gases in the chimney. Height of chimney 
100 feet and diameter 75 inches. Cause of draught. 

Automatic damper control. 

Water gauge on boilers. 
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Steam gauge on boilers. Show mechanism. Self-recording gauge 
in engineer’s room. 

Pressure maintained at go lbs. per square inch. 

Boiling temperature of water under that pressure. 

One cubic foot of water will expand into about how many cubic 
feet of steam at the pressure maintained in our mains (go lbs. 
at gauge, 105 lbs. absolute. ) 

Return pumps and drip tanks. 

Importance of keeping constant supply of water in boilers. 

Method of emptying pits under drip tanks by “ blow off siphon.” 

Trace steam mains to reducing valve. 

Non-conducting coverings of steam pipes. 

Use of angles in main. 

Mechanism of reducing valve. 

After passing through the reducing valve the pressure main- 
tained by the pump of our Webster system is Io lbs. less. than 
the atmospheric pressure=5 lbs. absolute pressure. Under 
these conditions it will require about how many cubic feet 
of steam to produce 1 cubic foot of water in the return pipes? 

Vacuum gauge. 


Low PressurRE STEAM SYSTEM: 


Indirect Heating System. Total volume of air supplied. 
Total volume of air in rooms. 

Cold-air inlets. Stacks of steam pipes. Inlet fans and en- 
gine. Three at Teachers College operated by steam and 
two at Horace Mann School operated by electricity. 
Thermometer. What temperature maintained. Supply 
ducts. Inlet registers with red cords —ducts. Outlet 
fans and motors — seven in number at Teachers Col- 
lege and two at Horace Mann School—in_ garret. 
Cupolas and shutters. 

Diagrams of the system in Teachers College and Horace 
Mann School. Use of anemometer to determine effi- 
ciency of ventilation. 

Methods of testing purity of air. 

Results found in Teachers College and Horace Mann School. 

Dryness of air in buildings, cf. desert climate. Humidostat. 





— 
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Effect of extreme dryness in winter and moisture in summer 
upon our woodwork and furniture. Method of pro- 
tecting wood from such effects. 

Direct Heating System. Risers. Radiators—form and 
construction — thermostatic outlet valve. Return pipes 
— tank-pump-boiler. 

Latent heat of steam. Radiation of heat not dependent upon 
circulation of air. Heat distributed from the steam ra- 
diators, both by convection and by radiation. 

Small capacity of dry air for heat. Effects of moisture in 
the air upon its capacity for heat. 

Webster system. 

Automatic return pumps and automatic pumps for Webster 
system. 

Steam traps. 


SYSTEM OF TEMPERATURE REGULATION: 


Thermostats and thermostatic valves. Thermostatic pumps 
to control both indirect and direct systems. 

Methods of heating, without ventilating, building in early 
morning before pupils arrive and in afternoon when only 
few are in the offices of the building. 


HicH PressuRE STEAM SYSTEM: 


Engineer’s examinations. 

Duties of engineer and assistant. 

Steam engines for fans and dynamos — capacity. 

Steam pumps — capacity. 

Supply steam. Cylinder. Piston and piston rod. Valves for 
admission and escape of steam in cylinder. 

Fly wheel and driving pulley. Governor. Exhaust steam. 

Cylinder oils and engine oils. 

Characteristics, — amount used, — cost. 


HyprAvuLic ELeEvATorS: 


Elevator pumps. Pressure tank. Reservoir. 
Cylinder, piston, valves, pulleys and cables. 
Car, electric call bells, electric lights, gas lights. 
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WATER SYSTEM: 


Croton pressure. Source and cause of variation. Water 
meters. Amount of water used in buildings. Cost. 
Filter. Contents of bed. How kept clean. Capacity 50,000 
gal. (7,000 cu. ft.) a day. 

House pump. Tanks in garret. 

Electric signal for full and empty tank. 

“Tank pressure.” Uses of water about the building. 

Floating stop cocks. Siphon discharges. Hot and cold 
water. How heated. 

Automatic arrangements. Temperature regulating valves 
for shower baths in gymnasium. 

Waste pipes. Traps. “ Back air ” pipes. 


Ort FILTer. 


ILLUMINATING GAS: 


Its manufacture. 
Gas meter. Amount used in buildings. Cost. 


DyNAMOS: 


No. 1 55 kilowatt, speed 280 r.p.m. 480 amp. at 115 volts 
“ 21 50 “ “ 230 “ 1280 “ “ I I 5 wo 





1760 
“ 3 in process of construction. 
“ 4 in future. 


Direct — connected with engines, multipolar; field, arma- 
tures, commutators. 

Switch board — automatic cut out — busbars — rheostat. 

Capacity of switches — fuses. 

Voltmeter — construction. 

Ammeter — construction. 

Tactometer for determining number of revolutions per min- 
ute. 

Capacity of various conductors — insulation. 




















95] Chemistry and Physics 49 
Ecectric LIGHTING: 
seve. 2. 6 0 = 15 amp. 
8 arc-light stereopticon =f * 
208 incandescent lights, east wing = ie. * 
437 “ “ south “ = 2184 “ 
391 “ “ west “ - 1954 “ 
541 as “ north “ ae * 
866 - “ Horace Mann school = 433 “ 
13164 “ 
Evectric HEATING: 
Pee ae ee eee ee es 


ELectric Power: 


One watt=1 ampere per second at 1 volt. 
One horse power=746 watts=about 7 amperes under the 
average voltage at the various machines in these build- 





ings. 
One kilowatt=1000 watts. 
Wattmeter. 
Morors : 
1-25 horse power, repair shop . = 175 amp. 
I-10 |“ “machine tool room a7? * 
I-Io “ “ wood turning room = a * 
3 * “ attic fans stg © 
-} “ “ organ motor pie 6 en, ee 
o-42 * “ basement fans, Horace Mann school = 300 |“ 
rT * “ attic fans, Horace Mann school . .= 150 “ 
1-28 “ “elevator, Horace Mann school =300 “ 
1118,“ 
Total amount required to operate entire plant=2448 am- 
peres. 


Capacity of generators=1760 amperes. 
Electric elevator — mechanism. 


CLockKs: 


Self-winding by electric batteries and synchronized hourly by 
Master clock. 


En Fee Cn sk tt te See 
In Horace Mannschool ........ . 5§ 


130 clocks. 


Mechanism and connections. 
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TELEPHONES: 


Long distance system — private exchange. Switch-board 
cabinet. Two trunk lines— No. 1222 and 1223 Har- 
lem. Seven stations in Teachers College and three in 

_Horace Mann School — ten stations. 

Interior telephone system — switch board — six trunk lines. 
65 stations in Teachers College and ro in Horace Mann 
School—75 stations. Perfect intercommunication 
among stations on four of the trunk-line systems with- 
out the interposition of Central. 

Mechanism of receivers, transmitters, annunciators, etc., etc. 


The lecture room and laboratories are well supplied with dis- 
sected models of many of the machines. There is also a good 
supply of charts, diagrams, photographs and lantern slides for 
illustrating the machinery of our plant. 

















DEPARTMENTAL NOTES 


PHYSICAL EDUCATION 


The new building which the recent gift of $250,000 to Teach- 
ers College makes possible, will provide facilities for several very 
important phases of educational work, and the institution will 
have one of the finest of the buildings devoted to the interests 
of health. It is remarkable, but quite in keeping with the history 
of the College, that the need which Dean Russell emphasized in 
his last report for an adequate equipment for the training of school 
hygienists and teachers of physical education, should be filled 
so quickly through the munificence of an anonymous donor. It 
is a striking evidence of the appreciation of this neglected side 
of education on the part of some generous friend of the College. 

This new building will be unique in several respects. It will 
provide several gymnastic halls and rooms for games and special 
forms of exercise, so that a large number of people of different 
ages and both sexes may be engaged in healthful exercise at one 
time. These unusual facilities for exercise and play are partic- 
ularly important where the opportunities for outdoor recreation 
and exercise are so limited as they are in a great city like New 
York. The building will provide much needed opportunity for 
general and special forms of exercise for pupils of the Horace 
Mann Schools, women students of Teachers College, and instruct- 
ors of both these institutions. It may also be used by Barnard 
students and women graduate students of the University. The 
court behind the building will have a swimming pool, covered 
by a skylight. The basement will contain bowling alleys and 
handball courts. On the first floor will be the offices for general 
medical consultation, the offices of the department, and rooms for 
physical measurements and examinations. Another room will 
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provide for the special examination of the eyes. There will also 
be a study and class room for the special students of the depart- 
ment. 

On the second floor there will be three large exercise rooms 
to be used by the elementary pupils of the Horace Mann School 
in the morning, and by older students in the afternoon. This floor 
will also have a class room and offices for one or two instructors. 
The third floor will be the main dressing room floor, and will 
have lockers and showers, and separate rooms for students and 
instructors. Smaller rooms will be equipped for corrective gym- 
nastic work to meet the needs of those who require individual 
care. 

On the fourth floor will be the main gymnasium, a large, 
airy, light hall, with running gallery, and apparatus of various 
kinds. One end of this floor will be divided into two stories, 
and here will be found instructors’ offices and rooms for photog- 
raphy, spaces for such exercises as fencing, and one or two rooms 
for games of different kinds. In various parts of the building 
there will be rooms which can be used for laboratory purposes. 
These will provide facilities for the investigation of the effects 
of different kinds of exercise, and other problems of physical 
education and school hygiene. 

The gymnasium will not be equipped with the apparatus of 
any particular system of physical training, but the best appliances 
from various sources will be grouped so as to provide the most 
favorable conditions for the work which is to be done. 

The fact of greater significance, from an educational stand- 
point, is the remarkable completeness of the material equipment 
which the College will have for the training of specialists in phys- 
ical education. There will be lecture rooms, laboratories, exercise 
halls, and in short, provision for both the theoretical and practical 
sides of the course of instruction. The student will also have 
unusual opportunities for observing the different kinds of prac- 
tical work done in this field. 

There is a large demand to-day for teachers and supervisors 
of physical education and school hygiene who have been broadly 
and thoroughly trained and who stand in all respects on a par 
with teachers of other branches. Special teachers in this line 
have in most cases lacked adequate general education, and have 
been trained too narrowly, and without sufficient knowledge of 
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the relation of their own to other subjects, or to education in gen- 
eral. This new building and its equipment, with the extraordinary 
advantages afforded by the College, the University, and New 
York City, will provide unequalled facilities for the training of 
special teachers. 

It is proposed to establish a professional course in physical 
education leading to the Bachelor’s diploma, similar in plan and 
requirements to the professional courses in other departments. 
An outline of some of the courses planned for this diploma will 
be found in the new Announcement of the College. With this 
definite provision of a workshop for the department, it will be 
possible for students who wish to specialize in physical education 
to shape their work so as to begin the two years’ professional 
course in October, 1903. T. D. W. 


GEOGRAPHY 


The College Entrance Requirement in Geography. — A com- 
parison of the Secondary Course of Study in Geography in the 
Horace Mann School, as outlined in the Recorp, Vol. II, March, 
1901, pp. 74-104, with the recently published outline of Require- 
ments in Geography of the College Entrance Examination Board, 
in Document No. 8, January 10, 1902, pp. 35-40, will show an 
essential similarity of plan. In fact, the course in the Horace 
Mann School was outlined to meet the requirements for College 
Entrance as they had at that time already been advocated by the 
sub-committee on Geography of the Committee on College En- 
trance Requirements of the National Educational Association. 

The course in the Horace Mann School covers the ground in 
a somewhat different order of larger topics, but the course can 
be easily rearranged to meet the needs of teachers. 

It will be noted on a comparison of the two publications that 
certain topics are treated in the Course of Study much more fully 
than the Examination Board outline would imply as a necessity. 
Among such topics that may if necessary be abridged for College 
Entrance preparation are those under the atmosphere — rainfall 
and climate; under the ocean —the formation of shore lines; 
under land —- map projection, coastal plains, old plains of ero- 
sion, embayed mountains, work of underground waters, work of 
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glaciers. The summary in reference to earth and man can also 
be largely omitted, the details being introduced as they need to 
be in the progress of lessons on the physical topics. 

The list of possible exercises published by the College En- 
trance Board, is a valuable adjunct to the Course of Study, inas- 
much as it provides a means of valuation for the laboratory exer- 
cises published in the Course of Study. Any well trained teacher 
should find the Course of Study of the Horace Mann School 
easily applicable to the needs of college entrance requirement, 
though care should be taken in choosing the topics to be empha- 
sized to select those that will best round out the text used as 
guide, or for collateral reading. 

New Quarters for Department.— The Department is now 
adequately housed in a series of rooms in the east wing of the 
second floor of the college building. On the east side are the 
offices of the head of the Department, and a laboratory with 
table accommodation for fifty students. This room also has a 
northern exposure, thus allowing a window shelter for meteoro- 
logical students. Adjoining this room, and with an exposure to 
the north and west is a lecture room, with seats for fifty students, 
and fitted with electric lantern, maps, models, etc., for lecture 
use. The remaining rooms, with an opening on the central court 
of the building, are an office for the tutor in the Department, and 
a large stock and work room for the storage of maps, models, 
and other geographical appliances. Thus the accommodations 
are ample for both graduate and undergraduate work. 

Professor Dodge, head of the Department of Geography, is 
Chairman of the Committee of Seven appointed in December, 
1901, by the New York State Science Teachers’ Association, to 
prepare a course of study in secondary school geography. The 
committee made a preliminary report at the meeting of the Asso- 
ciation in December, 1901, and presented a tentative course of 
study that will be printed in full in the report of the Association 
meeting to be published as a Bulletin by the Regents of the Uni- 
versity of the State of New York. 

The Committee was continued for one year, to prepare a 
series of laboratory exercises for secondary school work, and also 
to prepare a course of study for elementary schools. 

The Journal of School Geography, which had been edited 
for five years by the head of the Department of Geography, was 
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merged, beginning in January, 1902, with the Bulletin of the Amer- 
ican Bureau of Geography, which had been issued by Professor 
Lehnerts, of the State Normal School, Winona, Minn., for two 
years. The successor to these two periodicals is known as the 
Journal of Geography, and will be edited by Professors Lehnerts 
and Dodge and Dr. J. Paul Goode, Instructor in Geography in 
the University of Pennsylvania. The board of editors have as 
assistants a goodly number of associate editors, chosen from 
among the scientific geographers and leading geography teachers 
of the country. The new Journal, like its predecessors, will be 
devoted to the advancement of geographic education. 
R. E. D. 


BIOLOGY 


The outline of the Course in Botany, given in the Horace 
Mann School, as published in the TeEAcHERS CoLLEGE REcorpD, 
Vol. II, No. 1, agrees very closely to the standard entrance option 
in botany adopted by the College Entrance Examination Board 
as far as the topics and amount of work is concerned. The 
Horace Mann outline, however, embodies in addition the doctrine 
that there should be given first a synthetic course on the structure 
and physiology of plants, followed by a study of types. 

The treatment of the subject of Ecology, which in the en- 
trance option is outlined separately from the remainder, is planned 
for in the Horace Mann outline in connection with other topics. 
This, of course, is what is contemplated by the Entrance Board. 

The Department of Biology in Teachers College may now be 
said to be fairly well equipped. There is, first of all, a sufficient 
amount of floor space for comfort for the number of students at 
present in attendance. 

There are two laboratories, one of which accommodates very 
comfortably thirty students at one time, all of whom have a good 
amount of space and of light in which to work. The same room 
serves as a lecture room, there being a semi-circle of chairs for 
the accommodation of thirty students. A steel aquarium rack and 
a fair-sized conservatory provide for the reception of such animals 
and plants as are in use for study. 

A smaller laboratory can be made to hold twenty-four stu- 
dents engaged in laboratory work. 
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In addition to the two laboratories there are two stock rooms, 
one for glass ware, chemicals, and the like, the other for plant 
and animal materials for class use. A third stock room of good 
size serving for the storage of materials in large amounts, large 
aquaria, and wares of various kinds, completes the suite of avail- 
able space for the magazine. 

There is also a very good dark room for photography, and 
one for physiological experimentation, in which the temperature 
is fairly constant, and into which no light at all can enter. 

Two small offices for the use of the instructors complete 
the suite of rooms, of which the lighting, an important feature, is 
excellent, since the exposure is chiefly north and partly east. 

The equipment has been increased this year by the purchase 
of the Leuckart zodlogical and Kny botanical charts, and by the 
building up of demonstration preparations of the anatomy, mor- 
phology, and embryology of animals and plant types. 

The following studies are in progress: 

Professor Lloyd: On the embryology of the Rubiacz, vivip- 
ary in Podocarpus, and other minor problems. 

Dr. Bigelow: On the embryology of Balanus. 

F. E. L. 











PICTURES FOR NATURE STUDY 
By LOUISE CLARK 


Student in Teachers College; Principal-elect of the Primary Department and 
Teacher of Primary Methods in State Normal School, Potsdam, N. Y. 


List oF ABBREVIATIONS 


A. - . . « « Animals from Life, Rand, McNally & Co., Chicago. 
A.M. J.. . . . American Museum Journal, American Museum of 
Natural History, N. Y. 

Au. . . . . . The Autotype Co., 74 New Oxford St., London. 

B. . . . . « George P. Brown & Co., Beverly, Mass. 
B. 1. . . . . Brown one-cent prints (5% x8); 55 for 50 cts., 120 
for $1. 
Ber. . . . . . Berlin Photographic Co., 14 E. 23d St., N. Y. 
Braun . . . . Braun, Clement & Co., 249 Fifth Ave. N. Y. 
Busse . . . « George Busse, 12 W. 28th St. N. Y. 
.. . . «. . « Copley prints, Curtis and Cameron, Pierce Bldg., 
Boston. 
C.L.. . . . . Country Life in America, Doubleday, Page & Co., 
N. Y. 
C. Mag. . . . . Century Magazine, Century Co., N. Y. 
Cosmos . . . Cosmos Picture Co., Broadway, N. Y. 
D. . . . . « Detroit Photographic Co., Detroit, Mich. 
D. of A. . . . Department of Agriculture, Washington, D. C. 
E. . . . . . A. W. Elson & Co., Boston. 
E. A Elson carbon photographs, 30 x 44, $10. 
E. B Elson, 27% x 34%, $5. 
Ra... « Bie eee. 
ED... .. Hon Cam ame 
a F Elson, 13x 19, $1.50. 
E.R Elson, 19 x 25, $3. 
EL... + Bien, @iay oe 
E. Il. . . . . Elson cardboard mats, $15. 
E. III. . . . Elson, 21x 27%, $4. 
E. IV. . . . Elson: Old Masters, 21 x 27%, $2; Modern Masters, 
1534 x 21%, $1.50. 
Eth, . . . . . Bureau of Ethnology, Smithsonian Institute, Wash- 
ington, D. C. 
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Etchings and Engravings, Frederick Keppel & Co., 
24 Van Buren St., Chicago. 

Everybody's Magazine, Wanamaker & Co., N. Y. 

Foster Brothers, 3 Park Square, Boston. 

Harper, Helmer-Taylor and Soderholtz prints, J. R. 
Lynch, 257 Fifth Ave., N. Y. 

Harper, one-cent pictures. 

Franz Hanfstaengl, 114 Fifth Ave. N. Y. 

Carbon, or photogravure, 23x29, $3. 

Carbon, 29 x 36, $3. 

Carbon and photogravure, 15x20, $1. 

Carbon (silver prints), 4x5, 30 cts. 

International Studio, John Lane, Publishers, N. Y. 

The London Art Co., 1624 Chestnut St., Philadelphia. 

Ledger Monthly, Philadelphia. 

A. W. Mumford, 203 Michigan Ave., Chicago. 

Mumford two-cent pictures. 

Metropolitan Magazine, N. Y. 

McClure’s Magazine, S. S. McClure Co., N. Y. 

New England Magazine, American Co., N. Y. and 
Boston. 

National Sportsman. 

J. F. Olsson & Co., Cambridge, Mass. 

Outing Magazine, Outing Pub. Co., N. Y. 

The Perry Picture Co., Malden, Mass., and 76 Fifth 
Ave., N. Y. 

Perry one-cent pictures (5%4x8); 120 for $1. 

Perry one-half cent pictures; for fifty or more. 

Perry two-cent pictures, 7x9, colored. (No orders 
for less than 25 cts.) 

Perry five-cent pictures, 10 x 12. 

The Prang Educational Co., 3 W. 18th St., N. Y. 

Pratt Institute Monthly, Pratt Institute, Brooklyn. 

Photo Reproduction Co., Chicago. 

F. A. Reinehart, Photographer, 1522 Douglas Ave., 
Omaha, Neb. 

E. Steiger & Co., 25 Park Place, N. Y. 

Smithsonian Institute Report, Washington, D. C. 

Seton-Thompson pictures, Charles Scribner & Co., 
N. Y. 

Soule Art Co., 338 Washington Street, Boston. 

The Tabor-Prang Co., Springfield, Mass. 

Earl Thompson & Co., Syracuse, N. Y. 

Thompson blue prints: 4x5, $1 per hundred; 8 x 10, 
10 cts. each; 16x 20, 20 cts. each. 

Silver prints: 4x 5, 10 cts.; 8x 10, 25 cts.; 16x 20, $1. 

Platinum prints: 4x5, 25 cts.; 8x10, 50 cts.; 
16x20, $2. 
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W. .. =. . «. The J. C. Witter Co., 26 W. 33d St. N. Y. 
W. Photo. . . Witter, 20x25, 25-ct. photo prints. 
Wil. . . . . . Mrs. Lucy Wilson’s books (2 vols.) on Picture Study 


in the Elementary School will be referred to many 
times. It is published by the Macmillan Co., New 
York. 90 cts. each. 

Woodbury - + Woodbury reproductions, E. & J. B. Young & Co., 
9 W. 18th St. N. Y. 
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I. AnrmMaAt LIFE 


I. DOMESTICATED ANIMALS 


A. Camels 

SUBJECT ARTIST PUBLISHER 

Camel F P. 1 

Camel Running . H. 1 

Camel Loaded. H. 1 

Camel on the Desert H. 1 

B. Cats 

A Fascinating Tale. . Ronner . . . . Wil. IL. 

Lam Geltide . «4 . Bie... ». Wire 

Four Kidde... . . A@Mm.. . +s BSS eC 

Bae... « « ss «te Se a ls ew es ee 

The Cat Family . . . Adams o el « 0) i Se Bs ee 
& F.; Soule Sepia Car- 
bon 20 x 24, $5; Wil. I. 

A Study of Cats. . . Lambert Ba: F. 8. %; Poe s 

To the Right into Line . Lambert .- ae 

Old Woman and Cats . Emams. .... Bt. 

Cats and Kittens . i ee P. 2, %. 

Four Little Scamps . . Adam . H. Carbonettes, 4x5; P. 
1, 5; Cosmos. 

The First Move . . . Henrietta Ronner . Braun, 14x 18, $4; 8x 10, 
$1.50. 

Exact Time . . . . Henrietta Ronner . Braun, 11 x 18, $4; 8x 10, 
$1.50. 

Platinum Prints of cats, copyrighted by Byerbulard, can be 
obtained from various Art Stores. 
A large number of pictures of cats and kittens can be obtained 
in the P. 1 and Au. 40 ct. prints. 
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C. Cattle 

SUBJECT ARTIST PUBLISHER 

Cows at Watering Place Auguste Bonheur BS. 82 e. 3. FB tS 

Study of Cows Barillot Bt. 

Cattle Paul Potter Pay h.23 FR. tie 
7. 

The Prize Calf Landseer . m 438. 2. 

The Return to the Farm Troyon : P. 1; B. 1; Cosmos. 

Cattle in a Marsh Von Marcke . B. ss Z. soxis, Ja; 
Wil. I. 

Landais Cattle - Von Marcke . B. 2. 

Portrait with Head of 

Bull i Rosa Bonheur RB: 4: 
In the Open Country Dupré . Wil. I. 


Weaning the Calves 

Landscape with Cattle 

Oxen Going to Their 
Work o 4 


The Farm Yard 
Autumn Oats. 
Plowing in Nivernais 


The Young Bull . 


Wild Cattle at Chilling- 
ham 2 ve ae 
Scotch Cattle . 


Cows at the Lake 
Home-going Cattle . 
Cows and Pigs ; 
The Watering-Place 
Country with Cattle 
Resting Cattle 


Homeward 

A Dutch Study 

Road to the Village 
Jersey Cow 


Rosa Bonheur 
Albert Cuyp . 


Troyon 
Roll 


Inness . , 
Rosa Bonheur 


Paul Potter . 


Landseer . 
Wm. Watson 


Volts. . 
A. Braithe 
Paul Potter 


Bertram Priestman. 


Paul Potter . 
Paul Potter 


Arnesby Brown 
Mauve 
Riecke 


P. 1, 5; Cosmos. 
Hanf. C. & F. & R. 


wa. £: Be: Bu Ss: 
Prang 5; W. Carbon 
25 x 36, $15. 


B. 1; Wil. II. 

W. Photo. 

BR. a: 2 ac Wet S&L: 
Braun, 14x18, $4; 


8x 10, $1.50; E. II, III 

& IV; Au. 28 x 35, $10. 
Se BRS Beebe ae Bag? Week 

ts SAD Se Re Ae E 

B1: P. «3 Meat. C. F., 
Rm. & 


B.1.; P.1; E. Bx 3, $. 

W. Photo Prints, 25 cts. ; 
E. 30 x 40, $2.25. 

Hanf. C., R. & I. 

Hanf. C. F., R. & I. 

Hanf. C. F. & R. 

I.-S., July, 1900. 

Hanf. C. F. & R. 

Hent, R:: T. B.: T. S.: 
swe A 

I. S., Oct., 1900. 

F., $1. 

Soule. 

H. 1; Cosmos. 
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SUBJECT 


“The Runaway” 
The White Cow . 


Landscape with Cattle . 
Resting Cattle 
Team of Oxen 


The Prairie we a 
The Valley of Arques 
Return from the Field 
The Drinking Pool . 
Milking Time 
Brittany Cattle 
Weaning the Calves 
Oxen Going to Labor 
Holland Cattle 

The Bull 


Hounds in Leash . 
Dignity and Impudence 


My Dog 
Saved lg oe 
Sleeping Bloodhound 


St. Bernard Dog . 

A Scratch Pack . 

Dog . a? ta 
ae 

Eclipse (head) ‘ 
Waiting for Breakfast . 
A Day with the Oakley . 


King Charles’ Spaniels . 
A Wolf-Dog . 


Highland Dogs 


Departmental Notes 


ARTIST 
Jules Dupré . 


Thompson 
Johnson 
Rosa Bonheur 


Julien Dupré . 
Julien Dupré . ; 
Ed. Debat-Pousan . 
Ed. Debat-Pousan . 
Rosa Bonheur 
Rosa Bonheur 


D. Dogs 


Brenton 


Landseer . 


Landseer . 
Landseer . 
Landseer . 


Barber 
F. Paton . 
F. Paton . 


Schmitzberger 
Thomas Blinks . 


Landseer . 
Paul Potter . 


Landseer . 
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PUBLISHER 


H. 1; Cosmos. 

+ 2 ee 2 ee 
Braun, 14x18, $4; 
8x 10, $1.50. 

C. 9x 12, $3; 7x9, $1.50. 

C. 6x 13, $2.50. 

H. 28x35 $4; Braun, 
8x 10, $1.50. 

Braun. 

Braun. 

Braun. 

Braun. 

Cosmos. 

Cosmos. 

Cosmos. 

Cosmos. 

Cosmos. 

Cosmos. 


Wil. I; Cosmos. 

Hanf. R.; B. 1; P. 1; E,, 
24x20, $3; Cosmos; 
B.. Bs: Be Whe Be Bel 
Braun, 14x18, $4; 
Woodbury. 

P. £2 ee 

P. 1; B. 1; Cosmos. 

Braun, 14x 18, $4; B. 1; 
Ss 


bo od bo bon bo ty 


er. Photographs, 26x 
33%, $4; 15x20, $1; 
Photogravures, 13 x 21, 
$s. 

H. 1; Braun, 14x 18, $4. 

Cosmos; Braun, 14x 18, 
$4. 

Woodbury. 








oP Pepe —S SS 
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SUBJECT 


Goat 
Mountain Goat 
Angora Goat . 


A Kabyl 


The Horse Fair . 


The Watering-Trough . 


Shoeing a Bay Mare 


A Distinguished Member 
of the Humane Society 
Pharaoh’s Horses 


Waiting for Mistress 

Coming from the Fair . 

Three Members of a 
Temperance Society 


Resting Horses 
Labourers . 

Wood Cutters : 
The Arabian Chargers . 


In the Normandy 


Percheron Horses 


On the Borders of the 
Marsh 
Horse 


E. Goat 
ARTIST 

F. Horses 
Schreyer 


Rosa Bonheur 


Dagnan-Bouveret 


Landseer . 


Landseer . 
J. F. Herring 


Landseer . 
Rosa Bonheur 


Herring 


L. Hartman . 
Arnesby Brown . 
Anton Mauve 
Schreyer 


Jules Jacques Veyras- 


set 


Jean Richard Gombie 


George Maroniez 





PUBLISHER 


= 
Scribner. 
D. of A. Bul. 27. 


wa. i: Prem $3; B. 2; 
Fr, & 

Wa. Ii: P. 3,8, 4; B. 2; 
E., 26 x 42, $12; Prang 
5; Hanf. R. & I.; W. 
Au.; Carbon Photo, 
28x28, $5; 22x28, 
22.46; t..B, 3. 8:3 
Cosmos. 

Cosmos; Wil. II; B. 1; 


yr. t: Fes a3 W. 
Photo. 

B. 23 P. 2; Bast. BR; 
2: & b 


E. I.; E. F.; Hanf. R. 

P. 1, %; N. S., March, 
1901; W. Photo; E., 
gox30, Gas; B. 1; 
Ess Bs ad Bee 

N. S., March, 1gor. 

P. 1; B. 1; Cosmos. 


N. S., March, 1901; B. 1; 
Cosmos. 

Hanf. C. F. & R. 

I. S., Oct., 1900. 

F.,. $t. 

C., 16 x 20, $6; 8x 13, $3; 
6x9, $1.50; Cosmos. 


Braun, 14 x 18, $4; 8 x 10, 
$1.50. 

Braun, 14 x 18, $4; 8 x 10, 
$1.50. 


Braun, 14x 18, $4. 
&: C. LL. Dee.,. 19st. 











1 
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SUBJECT 


Sheep 


Art Critics ; 
The Sheep Fold . 


Shepherdess 


Sheep Autumn 
Sheep Spring . 
Brittany Sheep 


The Contented Flock 
Landscape with Sheep . 


Lost ‘ 

Sheep Shearing 

Sheep in Pasture . 

The Return to the Farm 

The Return to the Sheep 
Fold or 

Shepherdess Knitting 


On the Southdowns . 
In Charge of the Flock . 


Sheep Washing 
The Lost Sheep . 


Evening .. . 
A Flock of Sheep 
The Return of the Flock 


Highland Sheep . 


Departmental Notes 


G. Sheep 
ARTIST 


Mauve 


O. Gebler . 
Charles Jacque . 


Le Rolle . 


Mauve 
Mauve 
Rosa Bonheur 


Charles Jacque . 
Schenck 
Millet . 


Auguste Bonheur . 


Troyon 


Millet . 


James Aumonier 
Mauve 


James Aumonier 
Charles Jacque . 


Mauve 
Mauve 
Millet . 


Rosa Bonheur 
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PUBLISHER 


W. Platinums, 8x 10, 75 
cts.; 10x 13, $1.75; P. 
z @, 

B. 1; Ber., $1, $4. 

W. Platinum, 9x14, 
$1.50; Wil. II; B. 1; 
P. 1, %; E., 33 x 43, $5. 

BS. 83 wes mB & Ss 
Prang 5; W. Carbon, 
28 x 38, $5; 22x28, 
Saas; W., 28 eB; 
Photo Prints, 20x 25; 
eS 

P. 4%, 1; F., $1; Cosmos. 

P. 4%, 1; F., $1: Cosmos. 

W. Photo; Wil, I; B. 1; 
P. 1; Cosmos; H., 
28 x 35, $4. 

Cosmos. 

L., 74% x 9%, $2; 10x 13, 
$3. 

F.; W. Photo. 

I. 


, 


bd bo 


1; P. 

» Me 

222% ts We 

Cosmos. 

B. 1; P. 1; Prang 5; F., 
12x17, $4; C., 8x12, 
$3; 6x9, $1.50; Cos- 
mos. 

I. S., Sept., 1900. 

C., 6x9, $1.50; 10x12, 
$3; 16x20, $6 (col- 
ored) ; 9x 12, $6; 16x 
20, $12; F., $1. 

I. S., Sept., 1900. 

C., 6x13, $2.50; 4x9, 
$1.25. 

F., $1; P. 5. 

F., $1; Cosmos. 
L., 74x9%, $2; 
13%, $3; F. 1. 
L., 6% x9%, $1.50; 9% 
x13, $2.50; Braun, 14 

x 18, $4. 


10x 
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SUBJECT ARTIST PUBLISHER 
Sheep in Pasture. . . Auguste Bonheur . T. B.; T. S.; T. P. 
Down the Lane by Twi- 

— s+ fs + 2 ¢ Se > « « « G, age Gomme. 
In the Fold . . . . Henry Troth. . . L. H.J., May, 1901. 
Sunset Glow . . . . Riecke. . . . . Soule. 
ee C25 s 2 6 +2 4 « oe o- & x tee Ee: es Sal- 

ger’s Chart. 

Midsummer Day . . . Lumputten.. . F. 


2. WILD ANIMALS 


Pictures of the common birds may be found in colors among 
the two-cent Perry pictures and the twenty-five cent Prang 
(11 x 14) pictures. 

Colored pictures of other animals may also be found among 
the two-cent Perry illustrations, but these are not of much value, 
although they have been mentioned in this outline where no 
better was known. 

Steiger & Co. publish a number of colored charts of wild 
animals, many of which are good as regards structure, but the 
coloring is sometimes harsh. 

A set of twelve animal pictures by Ernest Seton-Thompson is 
published by Charles Scribner & Co. $6 for the set or 60 cts. each. 

The following list is somewhat miscellaneous in character, 
and gives comparatively few illustrations out of the large number 
that might be mentioned. 


SUBJECT ARTIST PUBLISHER 

Antelope . . . . . Seton-Thompson . Scribner. 

DE POLS wo gia, Basbous «os SR 

Bear (head) . . . . Seton-Thompson . Scribner. 

Bear and Cubs . . . Seton-Thompson . Scribner. 

Bear and Cub (Johnny) Seton-Thompson . Scribner. 

Bear Pictures . . . Seton-Thompson . C. Mag., 1900. 
EG 2 ee ee gL eS ee 

Bear (white) . tis te S| ee, sens. 
Bison (head). . . . Seton-Thompson . Scribner. 

Peet rome s i. boule “Usha Pee 5 Bae die 

Beaver . . . . . . Photo Reproductions E. Mag., March, 1901. 
Beavers’ House . . . Photo Reproductions N. S., March, rgor. 
Beavers . . . . « Photo Reproductions FE. Mag., April, 1901. 


Beaver . . . . . . Photo Reproductions E. Mag. 
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SUBJECT 


Coyote 
Se ee cee 
The Monarch of the 
Glen ; 
The Deer Pass. , 
Red Deer of Chilling- 
ham. <a 
Wild Deer bx 
A Highland Lassie 
and Fawns 
A Deer Family 
Fawn . 
Stag Feeding 
Reindeer 
Moose Deer . 
Moose Deer . 
Elephant 


Elephant Hunt . 
Elephant Ride . 

Fox . ge ee ta a 
Young Foxes ... 
Mother and Young 

Foxes . 
Arctic Foxes 

Giraffe . 
Giraffe 

Gopher . 

Ground Hog 

Hare : 

Hippopotamus 

Jaguar . 

Kangaroo 

Leopard 

es + tm & 

An Old Monarch 
Lion and Lioness . 


Head of an Asiatic 

ae + ee 
Study of a Lion 
Study of a Lioness 
Lion at Home . 


African Lion 
Mole (common) . 
Mink 


Departmental Notes 


ARTIST 


Seton-Thompson 
Landseer . 


Landseer . 
Hein’ . 


Landseer . 
Landseer . 
Remington 
Kroner 
Frost 

Frost 
Remington 


Carter . 


Seton-Thompson 


Landseer . 
Bonheur 
Bonheur 
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PUBLISHER 


Scribner. 
A.; S. 


m8: 8. t. 
Cosmos. 


a: FP. & 
. Photo. 


=e 


a 


er., 8x 10, $1. 


wrt 


1. 

3 

a 

Mag., 
a 


April, 1901; 


a 


—_ 


pyurn pits 
wy! 


17 2] 
ig] 
ode 
shee 
s 
oe 
4 


:  / 

; S.; Woodbury. 

Cosmos. 

Cosmos; T. B.; T. S.; 
7. 3. 


GP rvy yews 


—_ 


P. 2; O., 8x 10, $1.50. 

E., 19 x 25, $3. 

Braun, $4. 

B. e522: TEs. Be 
tT. ® 

P. 2; A. 

P. 2. 

P. 2 
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SUBJECT ARTIST PUBLISHER 
0 Re SE ee ee ef 
aR I I Re ay yee 
ee. . « | & Be « «= » « ¢ Beer ©. Fa BR. 
Vee: )6)6—[lhr rn 
Raccoons . . . . . Seton-Thompson . Scribner. 
Rhinoceros a Oe: Seat ay aaa | ae 
 <4ickt- > oe ee - 6 .s © crephteria ae OE Ge eee ee, 
IQOI. 
Tiger hie Sl le rs a: A. & 
Zs a ee & ee P. 1. 
An Interrupted Feast. Church M. 2; H.2; T. B.s T.S.; 
coe 
Wolf a rey 
Zebra Fr. 6t A. 


Il. Prant Lire 


A set of three pictures published originally by the Chicago 
Photo Reproduction Co., and now sold by the Perry Picture Co., 
are very excellent. On each sheet there is a picture of the tree, 
a spray of leaves and portion of the trunk to show the bark. 

The Lewis Leaf Charts are also valuable, and may be ob- 
tained from all dealers in school supplies. 

Among the illustrations in government publications, the fol- 
lowing will be found most excellent : 

Practical Forestry in the Adirondacks. D. of A., Div. of 
Forestry, Bul. 26. 

The Forest Conditions of Porto Rico. D. of A., Div. of 
Forestry, Bul. 25. 

Big Trees in California. D. of A., Div. of Forestry, Bul. 28. 

The White Pine. D. of A., Div. of Forestry, Bul. 

By applying to the Secretary of Agriculture, a monthly list 
of publications will be forwarded, and from this list selections 
of papers may be made. All Farmers’ Bulletins are furnished 
free. 

Cornell University publishes Nature Study leaflets for teach- 
ers free of charge. 

A useful one in studying the oak tree is 

The Leaves and Acorns of Our Common Oaks. Cornell 
Leaflet, Bul. 8. 
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study. 


SUBJECT 


Baker 


Village Blacksmith . 


Blacksmith ‘ 
Shoeing a Bay Mare 


The Blacksmith 
Blacksmith 


Blacksmith Ready for 
Welding . : 


Carpenter 


The Gleaners . 


The Ballo&n 


The Haymaker 








Departmental Notes 


III. INpustries 


1. Baker 


ARTIST 


2. Blacksmith 


Herring 


Frere 
Landseer . 


Philip Wouvermann 


Henry Sandham 


3. Carpenter 


4. Farm Life 
Millet . 


Jules Dupré . 


Adam . 


PUBLISHER 


67 


Most plant life can be studied directly from portions of or 
the entire growing plant, so that illustrations have not the same 
value for this part of the nature work that they have for animal 


Prang, 22x 14 (colored), 


50 cts. 


B. 1; P.1; N. S., March, 


1901. 
r. & 
i? ee. 


TZ. By Fh. BS Be F 


Prang, 22x14, 50 
(colored). 

F. 

Prang, 22x14, 25 
(colored). 


Hanf. 
Braun, 14x 18, $4. 


R$ 


cts. 


cts. 


Braun, 8 x 10, $2; 14 x 18, 
$4; P. 1,5, %; Prang; 
B. 1; Wil. II; E. II, 
III, IV; W. Carbon, 
28 x 28, $2.25; W. Pho- 
to Prints, 25 cts.; Cos- 


mos; 


aoe 


, oe TS 


S.: 


W. Photo; Wil. I; B. 1; 


P. 1, %; H. 


H., 28x35, $4; Braun, 


14x18, $4; 


8 x 10, 


$1.50; Wil. I; Au. 19 


x 144, 40 cts. 
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SUBJECT 


The Gleaners . 


The End of Labor 


The Angelus . 


Spring . 


The Sower 


The Mowers . 


The Man with the Hoe . 


The Shepherdess . 


Haying Time . 


The Song of the Lark . 


The Cornfield 
In the Country 


Autumn Oaks 
Spring Time . 


A Summer Day 


ARTIST 


Breton 


Breton 


Millet . 


Millet . 


Millet . 


Dupré . 


Millet . 


Millet . 


Julien Dupré 


Breton 


John Constable . 


H. Lerolle 


Inness . 
Daubigny . 


Breton 


PUBLISHER 


H., 28 x 35, $4; E. II, III 
& IV; Au, 28x35, 
$10; Braun, 14 x 18, $4; 
Sx 10, $1.90; B. 1; F.', 
- e6; Tt. pT. Ss 
T.. F. 

P. 1; Au. $10; Braun, 
24x 30, $15; 14x18, 
$4; 8 x 10, $1.50. 

B.1; P.1, 5, %; Wil. I; 
E. Il, If1; W. Piati- 
num, 8 x 10, 75 cts.; 10 
x 13, $1.75; W. Photo 
Prints, 25 cts.; Braun, 
xe. S4; 7.8; F. 
S.5 8. 

Wil. II; Braun, 8x10, 
$2; 14x 18, $4. 

Wal: Tks. F 35.55 EB: 23 T- 
ie oe Se ae 
Photo; F. Water col- 
ors and drawing, 75 
cts.; Braun, 8 x 10, $2. 

Cosmos. 

B25 2, § 4S GB; 
W. Photo; Braun, 14 
x 18, $4. 

E. II, III; W. Carbon, 
28 x 28, $2.25; Braun, 
24 x 30, $15; 14 x 18, $4. 

E., 27 x 40, $2.25; Braun, 
14x18, $4; 8x10, 
$1.50. 

H. 1; E. II, III, IV; Wil 
I; W. Carbon, 28 x 28, 
$2.25; H., 28x 35, $4; 
W. Photo; Braun, 24 
x 30, $15; 14x18, $4; 
Ss 2-5, %. 

m 3: 

E. II, III, IV; W. Car- 
bon, 13x17, $4. 

W. Photo. 

W. Platinum, 8x10, 75 
cts.; 10x 13, $1.75. 

C. 16x 20, $6.00; 9x 13, 
$2.50; 6x9, $1.50. 














_— 
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SUBJECT 


Feeding the Hens 
Woman Churning 
The. Harvest Time 
The Reapers . 
Farmyard, Normandy 
Farmyard — 
Setting up Sheaves . 
Brittany Farmhouses 
The Wood Chopper . 
Brittany Kitchen . 
The Farm at Barbizon . 





The Close of Day 


The Hayfield . 

Graphic (cutting hay) 

A Barnyard Scene 

The Farmyard 

The Reapers 

Erute (cutting hey) . 

Rustic (loading wheat) . 

Summer Evening 

Return of the Harvester 

The White Cow . 
(milking. ) 

Before the Storm 
(loading hay) 

The Haymakers 


Daughter of the Fields 


The Fire Alarm . . 
(In the hay field) 
In the Corn Field; or, 
Country Lane . 
The Valley Farm 
The Hay Field 





Ranch Life (4 Kg ges 
Gardening 
Farm Yard 
Haymaker 
Storing and Ketping 
Fruits and Vegetables . 
The Farm Yard . 





Departmental Notes 


ARTIST 


Millet . 

Millet . 
L’Hernutte 
Breton 

Roll 

Herring rae 
George Clausen . 
Corot 

Mauve . ae 
Theo. Robinson . 
Rousseau . 


Adam . 


Arnesby Brown . 
Ruth Robinson . 
Burdett Frost 

Paul Potter . 
Hans Olde 

Hans Olde 

Hans Olde : 
Alphonse Stengelin . 
Jules Breton . 
Julien Dupré . 


Julien Dupré 
Rosa Bonheur 
Jules Breton 
Jules Breton 


John Constable . 
John Constable . 





PUBLISHER 


B. 1; P.1; Wil. L. 

We 1: 3..8; 2..2,% 
Wil. I; B. 1; P. 1. 

- i. 

B. 1; Wil. II 

B. 1. 

I. S., July, 1900. 

F. Platinum, 10 x 13, $2 
F. $1. 


F. Platinum, 7 x 13, $2. 
L. 5% x 9%, $1.75; 84x 


1342, $2.75. 
Braun, 14x18, $4; 8x 
10, $1.50; Au. IIx 


17%, $1.50; H. 28 x 35, 
$4. 

I. S., Oct., 1900. 

I. S., Oct., 1900. 

= 2. 

Ber. 7 x 10, $2. 

I. S., Nov., 1900. 

I. S., Nov., 1900. 

I. S., Nov., 1900. 

Braun, 14x 18, $4. 

Braun, 14x18, $4. 

Braun, 14 x 18, $4; 8 x 10, 
$1.50; H. 28 x 35, $4. 

Braun, 14 x 18, $4; 8x 10, 
$1.50. 

Braun, 24 x 30, $15; 14x 
18, $4; 8x 10, $1.50. 
Braun, 14 x 18, $4; 8x 10, 

$1.50. 
Braun, 14 x 18, $4; 8 x 10, 
$1.50. 


Au. 16% x 14%, $1.50. 
Au. 14x17, $1.50. 

C. L., Nov., 1901, 

1901. 

D. of A. Bul. 62, 1899. 
Prang, 22x 14, 50 cts. 
Prang, 22 x 14, 50 cts. 
Prang, 22 x 14, 50 cts. 


Dec., 


C. L., Dee., 1901. 
S. 54 x 36, $2.50. 
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5. Fishing 
SUBJECT ARTIST PUBLISHER 
Return of the Fishers Feyer-Perrin . B. 1. 
Return of the Oyster 
Fishers Feyer-Perrin . m4. 


A Helping Hand 
Hauling in the Nets . 
Herring Boats 
Fisherman Returning 
| Gf 
Outward Bound . 


Departure of Fishermen 


Development of the Book 
(4 different pictures 
taken from the Na- 
tional Library at 
Washington. ) 
Lithographer 


The Wood Chopper 

Logging ; 

Wood Cutters . <r 

Spruce Skids Left in the 
Woods 


Waste in Lumber 


Small Spruce Used in 
Leveling a Lumber 
Road . 


Large Logs 


Good and Bad Cutting . 


Renouf ‘ 
Georges Haquette 
Mary McCrossan 
Fr. Smith-Hald . 


Georges Haquette 
Georges Haquette 


6. Lithographer 


Alexander 


7. Lumbering 


Millet . 
Anton Mauve 
Anton Mauve 


Wie 2c £2. 2. 

Au. 12x 18%, $1.50. 

I. S., Nov., 1900. 

Ber. Photogravure, 13x 
20, $5. 

Braun, 8x10, $1.50; H. 
28 x 35, $4. 

Au. 11 x 18%, $1.50. 


Prang. 


I. 
Z. 


i 
Ath 


D. of A. Div. of For- 
estry, Bul. 26, Plate 
XIX. 

D. of A. Div. of For- 
estry, Bul. 26, Plates 
XVII, XVIII, and XX. 


D. of A. Div. of For- 
estry, Bul. 26, Plate 
XVIII. 

D. of A. Div. of For- 
estry, Bul. 26, Plate 
XII. 

D. of A. Div. of For- 
estry, Bul. 26, Plate 
II. 























117] Departmental Notes 71 
SUBJECT ARTIST PUBLISHER 
BOE 5 a owe eo Se Rs ee 
Causes ieees 2. 3. lt st ll tll le ey ee, 
1901. 
Logging Railroad in a 
pee. avee: Poerek.....n <« « w««). ae ee Bee 
estry, Bul. 28, Plate 
XIII. 
Hauling Big Tree Saw 
’ Logs on a Log Slide 
Que ugpme «sw lt th tl hhc hl tlhe See See 
estry, Bul. 28, Plate 
‘ XII. 
Ten Men Felling a Big 
Beee Wah Ane . ww ll th ell ee eee 
estry, Bul. 28, Plate 
XL. 
8. Milling 
The Water Wheel . . Hobbema. . . . W. Carbon, 28 x 28, $2.25; 
H. 28x35, $4; Hanf. 
. va / 
The Mai... .. Relede ....- BBs Ls Meee v. R, 
I. & E. 
The-Mia . . . «hl Ree 4.6 eS ee ee 
Saw Mill . . . . . Allart van Everdinger Hanf. R. 
The Windmill . . . John Crome. . . E. 14%x17, $1.50. 
9. Printing 
rime ww tk te Oe me Re ee eee 
(colored). 
10. Shoemaker 
ree i eerie Re 
(colored). 
11. Spinning 
Marguerite at the Whedk  . «kw ls lt ss HBG SE. BD Ee 
Saint Elizabeth Spinning 
for the Poor . . . Marianne Stokes . J. S., May, 1900. 
12. Tailor 
Tee wa a a eee 
(colored). 
13. Tinsmith 
ee ee 
(colored). 
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IV. Primitive PEOPLE 


1. Primitive People 
SUBJECT ARTIST PUBLISHER 


Primitive Life in the Far 


0 A a ll 
+ .«-s «¢ « ¢ < 3 «© « deem 
ts «o.h.s tos + 6 te 6 6 lf et ees ee ee 


1901; L. Mag., Dec., 
1901; R. 1200 subjects 
from 40 different tribes. 


C. 9% x 8Y, $1.25. 
The People of the Far- 


OT EE hl le 

Primitive People .. .... . . . Eth. 2d, 6th, oth, 13th 
Mound Builders and 16th Annual Re- 
Indians ports. 


Eskimoes, etc. 


2. Primitive Industries 


Basketry cat. L. Mag., Dec. 12, 1901. 
Primitive People in the 

6 Ui ee ee teen» cits 6G OR ae 
Development of the Book Alexander ... C. 
Man at Work (weaving) ..... . . P.I., Feb., 1901. 
Making of the Navajo 

6 ew of Dike “Spe. « «ol ee, ees CO. 
Industry . . . . . Vesper L. George . F. 
Indian Pottery a eee eee: SO Re 
An Indian Weaver . . Geo. de Forest Brush H. 1. 
Attelage Basque . . . Stanhope Forbes . /. S., May, 1901. 


Ww see KY 














1 


Among New Publications recently issued by 
us, we would ask the attention of teachers par- 
ticularly to the following : 


Richter’s Inorganic Chemistry. 
A Text-Book for Students. By Professor VICTOR VON RICHTER, University 
of Breslau. Fifth American from Tenth German Edition. Authorized Trans- 
lation by EpGar F. Situ, M.A., Ph.D., Sc.D., Professor of Chemistry, 
University of Pennsylvania. With many Illustrations and a Colored Plate. 
12mo. Cloth, net, $1.75 


Richter’s Organic Chemistry. 
The Chemistry of the Carbon Compounds. Third American Edition, Trans- 
; lated from the Eighth German Edition by EpGar F. Situ, M.A., Ph.D., 
Sc.D., Professor of Chemistry, University of Pennsylvania. Revised and 
Enlarged. Illustrated. 12mo. Two volumes. 
Vol. I. Aliphatic Series. 625 pages. Cloth, net, $3.00 
Vol. II. Carbocyclic and Heterocyclic Series. 671 pages. Cloth, net, $3.00 


Bailey and Cady. Chemical Analysis. 
Laboratory Guide to the Study of Qualitative Analysis. By E. H. S. 
BAILEY, Ph.D., Professor of Chemistry, and HAMILTON Capy, A.B., Assis- 
tant Professor of Chemistry in the University of Kansas. Fourth Edition. 
Just Ready. Cloth, net, $1.25 


Congdon. Laboratory Instructions in General Chemistry. 


By Ernest A. ConNGDON, Professor of Chemistry in the Drexel Institute, 
Philadelphia. With an Appendix, useful Tables, and 56 Illustrations. 


Interleaved. Cloth, net, $1.00 
Rockwood. Chemical Analysis. 


Introduction to Chemical Analysis. By ELBERT W. Rockwoop, B.S., M.D., 
Professor of Chemistry, Toxicology, and Metallurgy in the University of 
Iowa. Illustrated. /ust Ready. Cloth, net, $1.50 


Coblentz. Volumetric Analysis. 


A Practical Handbook for Students of Chemistry. Including Indicators, 
Test-Papers, Alkalimetry, Acidimetry, Analysis by Oxidation and Reduction, 
Iodometry, Assay Processes for Drugs with the Titrimetric Estimation of 
Alkaloids, Estimation of Phenol, Sugar, Tables of Atomic and Molecular 
Weights. Illustrated. 8vo. /ust Ready. Cloth, net, $1.25 


Gray. A Treatise of Physics. Ilustrated. 


By ANDREW GRAY, LL.D., F.R.S., Professor of Natural Philosophy in the 
University of Glasgow. In Three Volumes. 

Vol. I. DYNAMICS AND PROPERTIES OF MATTER. 350 Illustrations. 
} Octavo. 688 pages. Cloth, net, $4.50 


Just Ready: A complete New CATALOGUE of Books on CHEMISTRY, 
HYGIENE, MICROSCOPY, etc. 


P. BLAKISTON’S SON & CO. 


1012 WALNUT STREET, PHILADELPHIA 
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ESTABLISHED 1851 


EIMER @ AMEND 


205 to 211 THIRD AVENUE, NEW YORK 
Cor. 18th Street 


IMPORTERS AND MANUFACTURERS OF 


CHEMICALS 
CHEMICAL 
PHYSICAL and 


Scientific Apparatus 
Everything necessary for the Laboratory 


GLASS BLOWING DONE ON PREMISES 





PRINCIPALS AND HEADS OF SCHOOLS 


Buy your SCHOOL SUPPLIES direct from The Tower Manufacturing and 
Novelty Co., 306 Broadway, New York. For soo-page Catalogue and special 
quotations on BOOKS, PADS, etc., to order, address: 


ERNEST MEIERE 
Tower Manufacturing and Novelty Co. 
306 Broadway, New York 
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GRAMMAR SCHOOL SCIENCE. 
A one year course covering the fundamentals of all physical science, is made 
possible and attractive to both teacher and pupil. 
We have designed apparatus especially for such work. i 


SECONDARY SCHOOL PHYSICS. 
We furnish suggestive lists of apparatus for a course in Physics in which 
lecture table and students’ work are carefully correlated. 

SECONDARY SCHOOL CHEMISTRY. 


The better grade of High Schools now consider Chemistry a valuable educa- 
tional instrument. 


Bearing this fact in mind, our catalogue is made up of carefully selected 
material. 


COLLEGE WORK. 
We have during the past year equipped, either in part or in whole, over two 
hundred (200) colleges. 


The well known Ritchie Lecture Table apparatus is a power in the higher 
grades of educational work. 











Special pieces of apparatus called for in Elements of Physics, by Henderson & 
Woodhull, also apparatus for Physical Experiments by Woodhull & Van Arsdale 
have been prepared and can be furnished from stock. 


L. E. KNOTT APPARATUS CO. 


BOSTON NEW YORK | 


























THE CROWELL PHYSICAL APPARATUS 


‘'| needed for a high 
«| school 


course. 

It is the best thing on ' 
the market and sells for : 
less than one-fifth the { 
4] cost of the old style ; 
-| equipment. 4 
|  Thecabinetis provided 
-| with appliances for water ‘ 
pressure, electricity, gas, } 
compressed air and the 
finest instruments obtain- 


yl * Wirlte for large ill i 
’ us- : 
trated and 











THOMAS W. GLEESON 


106 Sudbury Street, Boston, Mass. 


> Manufacturer of New 
PHYSICAL APPARATUS 
f Copied by permission from one of the undergraduate courses in Physics in the 


Jefferson Physical Laboratory of Harvard University 


See W. C. SABINE’S LABORATORY COURSE IN PHYSICS 
SEND FOR CATALOGUE 
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Books on Physics and Chemistry 





HOADLEY’S BRIEF COURSE IN GENERAL PHYSICS : - $1.20 
By Gro. A. Hoap ey, A.M., C.E., Professor of Physics, Swarthmore College. 
ROWLAND & AMES’S ELEMENTS OF PHYSICS : - _ $1.00 


By Henry A. ROWLAND, Ph.D., LL.D., Professor of Physics and Director of 
the Physical Laboratory, Johns Hopkins University, and Jos—EPpH S. AMEs, 
Ph.D., Professor of Physics and Sub-Director of the Physical Laboratory, 
Johns Hopkins University. 


STEELE’S POPULAR PHYSICS : : ° ° : -_ - $1.00 
By JoeL DorMAN STEELE, Ph.D., F.G. S. 

HAMMEL’S OBSERVATION BLANKS IN PHYSICS - - - - $0.30 
By W1Li1AM C. A. HAMMEL, Professor of Physics, Maryland State Normal School. 

STORER & LINDSAY’S ELEMENTARY MANUAL OF CHEMISTRY - $1.20 


A re-vision and re-writing of Professor W. R. Nichols’s abridgment of Eliot 
and Storer’s Manual. By F. H. Storer, Professor of Agricultural Chemistry, 
Harvard University, and W. B. Linpsay, Professor of General and Analytical 
Chemistry, Dickinson College. 

SHAW’S LABORATORY EXERCISES IN CHEMISTRY - $0.40 
To accompany Storer & Lindsay’s Manual of Chemistry. By G. W. SHAW, 
Professor of Chemistry, Oregon Agricultural College. 

IRISH’S QUALITATIVE ANALYSIS FOR SECONDARY SCHOOLS - * $0.50 
By Cyrus W. Iris, A.B., Head Master, Lowell (Mass.) High School. 


AMERICAN BOOK COMPANY 


PUBLISHERS 
Washington Square, New York 














IMPORTANT BOOKS 
On Physics and Chemistry 





Wentworth and Hill’s Text-Book of Physics - 2 - $2.25 

Wentworth & Hill’s Laboratory Exercises in Elementary Physics $0.25 

Gage’s Elements of Physics (Revised Edition) - - - $1.12 

Gage’s Principles of Physics a ae es * - e 6clC 

Hastings and Beach’s General Physics - - - - $2.75 
(For Colleges and Scientific Schools) 

Stone’s Experimental Physics - - - - -=- - $1.00 


In harmony with the list of experiments recommended in the Report 
of the Committee on Physics and Science of the National Educational 
Association. 


Snyder and Palmer’s One Thousand Problems in Physics - $0.50 
Williams’ Elements of Chemistry ar.) Me ee... ae 
Sellers’ Treatise on Qualitative Chemical Analysis - - $0.75 





GINN @ COMPANY, PUBLISHERS 


BOSTON NEW YORK CHICAGO SAN FRANCISCO 
ATLANTA DALLAS COLUMBUS LONDON 
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CHEMISTRY 


EXPERIMENTAL CHEMISTRY 


By LYMAN C. NEWELL, Pu.D. 


Presents a course in Chemistry in touch with the best scientific and pedagogical ideas. 
Contains about 200 experiments, and 400 problems, with enough explanatory text to make 
the work logical, systematic, and intelligible. Cloth. 435 pages. Price, $1.10. 


L. D. Bissell, Ph.D., Hotchkiss School, Lakeville, Conn.: “It is the most 
scientific and accurate, and the best elementary Chemistry that I have seen.” 


HISTORY OF CHEMISTRY 
By F. P. VENABLE, Pu.D. 


A systematically arranged history of Chemistry, concise, yet full enough to give a 
connected view of the growth and development of the science. Cloth. 171 pages. 


Price, $1.00. 
ORGANIC CHEMISTRY 
By IRA REMSEN 


An introduction to the study of the compounds of carbon, adapted to the use of 
scientific schools, medical schools, and colleges. Cloth. 374 pages. Price, $1.20. 


Jno. J. Griffin, Prefessor of Chemistry, Catholic University, Washing- 
ten, OL.3 ©T consider Remsen’s Organic Chemistry an ideal text-book.” 


D. C. HEATH @ CO., Publishers 


BOSTON NEW YORK CHICAGO LONDON 




















TarrR @ Mcemurry GEOGRAPHIES 


IN THREE OR FIVE VOLUMES. 


A few Characteristics of the Series: 

Gpnveniens i Easily handled and fae durable. : oo 

ome graphy is m pay os ctual experience orms t n is for all st of geogra 
Relation between man an e earth is continually brought out. .. phy. 
Physiographic facts Wty ditfesent regions are clearly presented. Physiographic conditions furnish 

the key to human industries, trans tion routes, location of cities, etc. 
Clear, distinct maps, giving bot ysical and political features and not overburdened with useless detail. 
Illustrations that are not mere piesares Typographical work unsurpassed. 
The cost of a complete set for five pom will be less than that of any competing series. 





JUST READY: 


Ghe CHILD LIFE FIFTH READER 


This latest addition to the CHILD LIFE READERS contains all the admirable qualities of its predecessors. 
The —_ -matter is selected not only with a view to interesting the child, but also for its suitability for the fifth 
year pupi 

the he book contains adequate notes, a key to pronunciation, and a vocabulary. 


A Text Book of Applied English Grammar 


By EDWIN H. LEWIS, Professor of English in the Lewis Institute, Chicago. 


Price, 35 Cents. This book is iT for seventh-year work and contains much material worthy of 

consideration by all grade teachers. There is some technical grammar, the author 
believing it to be the only Bee cure for bad punctuation. The book is divided into two ~~ part one 
being given to “‘ Examples mmatical Usage,’’ and part two to “ The Definition of the Sentence 


She MACMILLAN COMPANY 


66 Fifth Ave. New York 
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New Supplementary Readers 


MAPS 








FOUR OLD GREEKS, by Jennie Hatt, /mstructor 
in History in the Chicago Normal School. With 39 
illustrations from Greek sources, by Raymond Perry. 
Cloth ; 22 peg, For ———— 35 cents. For 
the second a hir 

CHILD STORIES wer THE MASTERS, by 
Mavup peg With 8 illustrations in sepia. 
Cloth ; o4 Pages. For ~ ~ yeas 30 cents. For 
the third and fourth grade 

CLASSIC MYTHS, by ~ell CATHERINE JuDD, 
Principal of the Lincoln School, Minneapolis. ii- 
lustrated by Angus MacDonall. Cloth; 204 


Sourth grades. 
NORSE STORIES, by poem Wricut Masi. 
Edited by Katharine Lee Ba Professor of Lite- 
rature in Wellesley Colle, ate With ro illustrations 
by George Wright. Clot For intro- 
duction, 40 cents. For the hj 304 Pages. and fifth grades. 

A CHILD’S GARDEN OF VERSES, by Rosert 
Louis Stevenson. With 49 illustrations Miss 
Mars and Miss Squire. Cloth; 86 pages. (Nearly 
ready.) For the primary grades. 

THE SUNBONNET BABIES’ PRIMER, by Evta- 
Liz OsGoop Grover. With 94 illustrations in colors 
by Miss “oat, “ The Mother of the Sunbonnet 
Badies.”” Cloth. For introduction, 40 cents. 


ESKIMO STORIES, by Mary E. Smitn, of the 


pages. 
For introduction, 35 cents. For the third and 


WE ARE rapidly becoming a geography studying 

people. Our interests are now world wide and 
we find it necessary to know more geography than our 
grandfathers knew. 

To the average person, of whatever age, a map—a 
good map— is the best teacher of geography. To at- 
tempt to teach school without a supply of the latest 
and most accurate maps is wasteful folly. People are 
not doing it,—not now. They are buying maps, 
globes, and atlases for their school rooms. 

If you want any kind of a map, our new illustrated 
catalogue will surely interest you. 


GEOGRAPHIES 


The new century needs new Geographies. The 
Rand-McNally Geographies, as revised by Professor 
Cuarves R. Dryer, of the Indiana State Normal 
School, are practically new books. There are ninety 
pages of new matter, many new maps and illustrations, 
and a special section on ‘‘The Industries of the 
United States,”” by Dr. J. Paul Goode of the Univer- 
sity of Pennsylvania. The books are thoroughly 





Lewd Ghoeatils School, Chicago. With 70 half- teachable, accurate and down-to-date, and are attrac- 
tone illustrations by Howard Brown. Cloth. tively bound in green cloth. 


(Ready in April.) For the first and second grades. Wh i ? 
Many others are first end secon - silverman neciadladaaa 


RAND, McNALLY @ COMPANY 


CHICAGO NEW YORK LONDON 


Cwentieth Century English Certs 


CLOTH. UNIFORM BINDING 
Splendidly Edited “ Beautifully Made “ Lowest Prices 


The Model English Texts 


SPECIAL OBJECTS 


O facilitate power of expression; to cultivate taste for best reading ; to interpret appreciat- 
ingly great masters. Exposition is not burdened, not one-sided. Develops the motif of 
play, poem, novel, inductively. Omits everything that does not bear. A judicious division of 
commentaries, etc., avoids danger of over-editing, but gives all honest help for the most care- 
ful study. 
Shakspere’s Macbeth. Edited by Richard Jones, Ph.D., Vanderbilt University  . e P 
The Sir Roger de Coverley Papers. Edited by Franklin T. Baker, A.M., Columbia Valea 


Macaulay’s Essays on Milton and scm. Edited by “~~ B. Aiton, A.M., ao nae of = 
Schools, Minnesota 


Selections from Milton’s Shorter Poems. Edited by Frederic D. Nichols, Veloenitg of Chicago ‘ 
Dryden’s Palamon and Arcite. Edited by George M. Marshall, Ph.B., University of Utah . . ° 


George Eliot’s Silas Marner. Edited by J. Rose ates Ph.D., Illinois ote Normal ees and 
Richard Jones, Ph.D. e 


Burke’s Speech on Conciliation with America. Edited by William I. Crane, Steele High School, 
Dayton, Ohio. 30c 


Coleridge’s Rime of the Ancient Mariner. ‘By Pelham Edgar, B. ce Ph. D., Victoria College . . 250 
Shakspere’s The Merchant of Venice. Edited by Richard Jones, Ph.D. ? - 30c 
Tennyson's The Princess. Edited by Franklin T. Baker, Teachers College, Columbia Usiveutty pe 25c 


















































S $35 $$ 


a 





Send for large circulars and sample pages of Twentieth Century Text-Books now ready 


D. APPLETON @ COMPANY 


NEW YORK BOSTON CHICAGO LONDON 
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A MODERN CHEMISTRY : 


An Elementary Experimental Chemistry 


By JOHN B. EKELEY, Former Science Master, St. Paul’s School, Garden City, N.Y. Pp. 264. Price, gocents. 


A book for use wherever a rounded course in chemistry, free from all unnecessary struggle 
with technical terms, and where a clear, systematic and comprehensive treatment of the 
science is desired. The work is so arranged as to bring to the student, step by step, a realiza- 
tion of the chemical unity of nature, that he may receive the fullest benefit from the discovery 
of truth that is new to his mind. 


“T shall use it in my next class. It is the best book for preparatory schools published.” C. H. Van Tuyt, 
Principal Hamilton High School, Hamilton, N.Y. 


SILVER, BURDETT @ COMPANY 


NEW YORK BOSTON CHICAGO 





ELEMENTARY 


Experimental Chemistry 


BY W. F. WATSON, A.M. 
Professor of Chemistry and Biology, Furman University, Greenville, S.C. 


TRS book presents the fundamental principles of elementary chemistry in a brief, 

clear and logical manner. It is prepared especially for that vast majority of 
students who take only one year’s course in chemistry, but the book is equally valuable 
as a text-book for students who take this course as preparatory to more advanced 
work. It is intended to give them a broad general knowledge of the elementary 
principles and prepare them for more elaborate work in chemistry. 


“ Teachers of elementary classes will do well to give the book a thorough trial.” — 
Prof. H. C. BoLton, in the Chemical News, London. 


“It is modern and sound and will form an excellent introduction to the study of 
chemistry, as it combines theory and practice in wise proportions. The illustrations 
not only add much to the attractiveness of the book but also to its usefulness.”—Dr. 
CHARLES E. MuNnROE, Dean of Columbian University. 


«It is a most admirable text-book ; one of the best in fact, we have ever seen on 
the subject. The scheme of illustration can be highly commended, and is on an 
entirely new plan. Instead of scattering cuts through the text as heretofore, there are 
twenty fullpage cuts, showing all the apparatus and chemicals used in the experiments, 
giving the student a comprehensive view of the subject. The text is clear, concise 
and admirably written.” — Scientific American. 


12mo, cloth, xviii + 320 Pages. 20 Full-Page Illustrations. Price, $1.25 Net. 


HKNIGHT’S QUANTITATIVE ANALYSIS 
GRAVIMETRIC AND VOLUMETRIC 
With a Chapter on the Analysis of Ordinary Drinking Water 


By NICHOLAS KNIGHT, A.M., Ph.D., Professor of Chemistry, Cornell College, Mt. Vernon, Ia. 
“It is one of the best books for beginners that I have seen.’’—Prof. W. F. Watson, Furman University, S.C. 
Cloth, r2mo. 110 Pages. Price, 80 cents net 


A. S. BARNES & COMPANY, Pusuisters 


156 FIFTH AVENUE, NEW YORK 
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he Pratt Teachers’ Agency 727i Avenue 


Recommends college and normal graduates, specialists, and other teachers 
to colleges, public and private schools, and families. 


Advises parents about schools. WM. O. PRATT, Manager 


—— 








HELLOGG’S TEACHERS’ BUREAU 


Established 1889, has supplied hundreds of teachers with good positions in thirty-three states 
at salaries from $4000 down. Refers to Secretaries or Deans of Harvard, Yale, Cornell, 
Columbia, Princeton, Teachers, Wesleyan and other Colleges, also New York State Normal 
principals. Recommends to employers without charge. Inquirers for teachers or positions 
when in the city are invited to call. Circular mailed. H. S. KELLOGG, Manager, 

Long Distance Telephone, 2492 18th St., N.Y. No. 61 East oth St., N. Y. City. 


THE FISK TEACHERS’ AGENCIES 


(NEW YORK, BOSTON, CHICAGO, LOS ANGELES, etc.) 
recommend teachers to the best schools and colleges. Over 16,000 positions filled at salaries 
aggregating more than $10,500,000. Send for one-hundred page manual giving list of 
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positions filled. H. E. CROCKER, 
New York Office: 156 Fifth Ave. W. D. KERR, Managers. 
Tel. No. 3971-B-18 st. P. V. HUYSSOON, 











| American and Foreign Teachers Agency 


Supplies Colleges, Schools and Families with Professors, Teachers, Tutors and Gover- 
nesses, resident or visiting, American or foreign. Parents aided in choice of schools. 


Mrs. M. J. YOUNG-FULTON, 
23 Union Square, New York. 





f ALBANY TEACHERS’ AGENCY 


» Provides schools of all grades with competent teachers 
Assists teachers in obtaining positions 


HARLAN P. FRENCH, Proprietor. 8{f Chapel Street, ALBANY, N.Y. 





me TEACHERS’ EXCHANGE 


of Boston, 258 Washington Street 
Recommends suferior teachers. Its recommendations have weight with school and college officials. 





Relief Ma G SYSTEMATIC COLLECTIONS, 
Pp Mineralogy, Geology, Zoology 
for Schools of all grades, Lantern Slides, etc. 

THE WASHINGTON SCHOOL COLLECTIONS, MINERALS, ROCKS 
AND INVERTEBRATE ANIMALS put up in strong cloth-covered cases, 
and accompanied with model text-book of 60 pages, are easily, in every respect, 
<= the best and cheapest low-priced collections in the market. 
~ 40 Minerals in good case, or 40 Rocks with duplicate fragments, for $2.00. 

24 types of invertebrates for $3.50. Send for circulars. 
EDWIN E. HOWELL, 612 17th St. N. W., Washington, D.C. 
Commissioner Harris writes: ‘“ Every school in the United States, in 
my opinion, should have these collections.” 


i 
| 
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“Standard” Water Colors b 


Are those that are based on the Six Standard Colors 
of the Solar Spectrum, and are made by 


MILTON BRADLEY CoO. 


SPRINGFIELD, MASS. 


po 











Dry, Semi-moist and Moist Colors. 


| Box No. Al, eight pans of Semi-moist - - Price, 25 cents 
The best box for the price in the market. 


Twenty-six colors in tubes - - Price, per tube, 10 cents 





SEND FOR FULL PRICE LIST 





WHEN A TEACHER 
INVESTS HER HARD-EARNED MONEY 


in an educational magazine, she wishes to 

subscribe for the one that will inspire her, | 
help her in everyday work, and keep her 
abreast of the educational times. ! 


AMERICAN EDUCATION 


is just that kind of magazine. Before sub- 
scribing, however, she should send for a free 
sample copy and note for herself how excel- 
lent are its many special features. 


NEW YORK EDUCATION CO. 
81 Chapel Street, Albany, N.Y. 


81 








Teachers College 
Columbia University 





Teachers College is the professional school of Columbia University for the study 
of education and the training of teachers. The purpose of the College is to afford 
opportunity, both theoretical and practical, for the training of teachers of both sexes 
for elementary, secondary, and normal schools, of specialists in various branches of 
school work, and of principals, supervisors, and superintendents of schools. 





The College offers 56 courses in Education, including 6 courses on the History 
and Principles of Education, 4 courses on Educational Administration, 7 courses on 
Educational Psychology, and 25 courses on the theory and practice 

. Courses of teaching Biology, Domestic Art, Domestic Science, English, Fine | 
| of Arts, French, Geography, German, Greek, History, Kindergarten, 
Instruction Latin, Manual Training, Mathematics, Music, Physical Science and 
Physical Education. Other courses of instruction supplementary 
to those above are as follows: Biology, 6 courses; Domestic Art, 5 courses; Domestic 
Science, 10 courses; English, 6 courses; Fine Arts, 14 courses; French, 3 courses; 


i German, 2 courses; Geography, 4 courses; History, 4 courses; Kindergarten, 4 courses; 
Manual Training, 9 courses; Mathematics, 3 courses; Music, 5 courses; Physical 
Science, 4 courses, and Physical Education, 6 courses. Qualified students of Teachers 
College may also pursue University courses in History, Language and Literature, 
Natural Science, Mathematics, Philosophy, Psychology, Ethics, Anthropology, Music, 
| Economics and Social Science. Teachers College maintains two 


Teachers schools of observation and practice: one, the Horace Mann School, 
College the other known as the Speyer School. The Horace Mann School 
Schools comprises three departments —a kindergarten for children of three 


to six years of age, an elementary school of eight grades, and a 
high school of four grades. The Speyer School consists of a kindergarten, elementary 
school, and special classes in sewing, cooking and manual training. 

Courses of Study are as follows: (1) A two-year Collegiate 


Courses Course which if followed by a two-year professional course leads 
of to the degree of B.S.; (2) Two-year professional courses lead- 
Study ing to the Bachelor’s diploma in (a) Secondary Teaching, (b) 





Elementary Teaching, (c) Kindergarten, (d) Domestic Art, (e) 
Domestic Science, (f) Fine Arts, (g) Music, and (h) Manual Training; (3) Gradu- 
ate courses of one and two years, respectively, leading to the Master’s and Doctor’s 
diplomas in the several departments of the College. Students holding the degree of 
B.S. or A.B. may become candidates for A.M. and Ph.D. 

The requirements for admission are as follows: (1) To the Col- 


Admission legiate Course— completion of a high-school course; (2) to the 
Require- two-year courses — (a, b, and c above) completion of the Collegiate 
ments Course or its equivalent in an approved college or graduation from 





an approved normal school; (d, e, f, g, h) same as for (a) and (b) 
or two years of technical training or experience in teaching; (3) to the graduate courses 
—college graduation or its equivalent. 

Tuition in graduate courses and courses leading to a degree, $150; 
Fellowships in other courses, $100. The faculty annually awards 5 Fellowships 
of $650 each, 1 Scholarship of $400, 12 Scholarships of $150 each, 
and 4 Scholarships of $75 each. 


For circulars and further information, address the Secretary. 


JAMES E. RUSSELL, Ph.D., Dean. 


and 
Scholarships 
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Columbia University 
in the City of Hew Dork 


Columbia University includes both a college and a university in the strict sense 


of the words. The co 


e is Columbia College, founded in 1754 as King’s College. 


The University consists of the Faculties of Law, Medicine, Philosophy, Political Science, 


Pure Science, and Applied Science. 


The point of contact between the college and the university is the senior year 


of the college, during which year students in the co 
the consent of the college faculty, under one or more of 


Barnard College, a college 


ursue their studies, with 
ties of the university. 


or women, is financially a separate corporation; but, 


educationally, is a part of the system of Columbia University. 
Teachers College, a professional school for teachers, is also, financially, a sep- 
atate corporation; and also, educationally, a part of the system of Columbia University. 
Each college and school is under the charge of its own faculty, except that the 
Schools of Mines, Chemistry, Engineering, and Architecture are all under the charge 


of the Faculty of Applied Science. 


For the care and advancement of the general interests of the university educa- 
tional system, as a whole, a Council has been established, which is representative of 


all the corporations concerned. 


I, THE COLLEGES. 


Columbia College offers for men a course 
of four years, leading to the degree of 
Bachelor of Arts. Candidates for admission 
to the college must be at least fifteen years 
of age, and pass an examination on pre- 
scribed subjects, the particulars concerning 
which may be found in the annual Circular 
of Information. 

Barnard College, founded in 1889, offers 
for women a course of four years, leading 
to the degree of Bachelor of Arts. Candi- 
dates for admission to the college must be 
at least fifteen years of R. and pass an 
examination on prescri subjects, the 

articulars concerning which may be found 
in the annual Circular of Information. 


II, THE UNIVERSITY. 


In a technical sense, the Faculties of Law, 
Medicine, Philosophy, Political Science, 
Pure Science, and Applied Science, taken 
together constitute the university. These 
faculties offer advanced courses of stud 
and investigation, respectively, in (a) pri- 
vate or municipal law, (b) medicine, (c) 
philosophy, philology, and letters, (d) his- 
tory, economics, and public law, (e¢) mathe- 
matics and natural science, and (f) applied 
science. Courses of study under all of 
these faculties are open to members of the 
senior class in Columbia College. Certain 
courses under the non-professional faculties 
are open to women who have taken the first 
degree. These courses lead, through the 
Bachelor’s degree, to the university degrees 
of Master of Arts and Doctor of Philosophy. 
The degree of Master of Laws is also con- 
ferred for advanced work in law done under 
the Faculties of Law and Political Science 
together. 


III. THE PROFESSIONAL SCHOOLS. 


The Faculties of Law, Medicine, and Ap- 
omer Science conduct respectively the pro- 
essional schools of Law, Medicine, and 
Mines, Chemistry, Engineering, and Archi- 





tecture, to which students are admitted as 
candidates for professional degrees on terms 
prescribed by the faculties concerned. The 
faculty of Teachers College conducts profes- 
sional courses for teachers, that lead to a 
diploma of the university. 


1. THe ScnHoot or Law, established in 
1858, offers a course of three years, in the 
rinciples and practice of private and public 
aw, leading to the degree of Bachelor of 
Laws. 

2. THe CoLtece or PHYSICIANS AND 
Surceons, founded in 1807, offers a course 
of four years, in the principles and practice 
of medicine and surgery, leading to the de- 
gree of Doctor of Medicine. 

3. Tue Scnoor or Mines, established in 
1864, offers courses of study, each of four 
years, leading to a professional degree in 
mining engineering and in metallurgy. 

4. Tue Scuoots or CuHemistry, Enci- 
NEERING, AND ARCHITECTURE, set off from 
the School of Mines in 1896, offer respect- 
ively, courses of study, each of four years, 
leading to an appropriate professional de- 
gree, in analytical and applied chemistry ; in 
civil, sanitary, electrical, and mechanical en- 
gineering ; and in architecture. 

s. Teacners Coiiece, founded in 1888 
and chartered in 1889, was included in the 
university in 1898. It offers the following 
courses of study: (a) graduate courses lead- 
ing to the Master’s and Doctor’s diplomas 
in the several departments of the College; 
(b) professional courses, each of two years, 
leading to the Bachelor’s diploma for Sec- 
ondary meee 3 Elementary Teaching, 
Kindergarten, mestic Art, Domestic 
Science, Fine Arts, Music, and Manual 
Training; (c) a collegiate course of two 
years, which, if followed by a two-year 

rofessional course, leads to the degree of 
achelor of Science. Certain of its courses 
may be taken, without extra charge, by 
students of the university in partial fulfil- 
ment of the requirements for the degrees 


of Bachelor of Arts, Master of Arts, and 
Doctor of Philosophy. 


NICHOLAS MURRAY BUTLER, LL.D., 
President. 
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